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This report, the third and final part of a three-part 
study of Soviet space programs, provides a comprehensive survey of 
the Soviet space science programs and the Soviet military space 
programs, including its long history of anti-satellite activity. 
Chapter 1 is an overview of the unmani»£d space programs (1957-83). 
Chapter 2 reports on significant activities in Soviet unmanned flight 
programs (1981-83), including space science activities, space 
applications, and military missions. Chapter 3 provides detailed 
information on Soviet unmanned scientific programs, considering the 
early years, suborbital programs, earth orbital development and 
science, the Soviet lunar program, and other areas. Chapter 4 
provides additional information on applications of space activities 
to the Soviet economy, examining meteorological satellites, and space 
manufacturing. Chapter 6 discusses Soviet military space activities, 
documenting their uses of space systems for military purposes. 
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LETTER OF TRANSMITTAL 



U.S. Senate, 

Committee on C^ommerce, Science, and Transportation, 

Washington, DC, May 15, 1985. 

Dear Colleague: I am pleased to transmit for your information 
and use a report on the Soviet unmanned space program. This is 
the third and fmal part of a comprehensive report on all aspects of 
the Soviet space program. 

This report updates the Soviet space activities of 1981-83 and fol- 
lows two previous reports on Soviet launch vehicles and facilities 
and Soviet manned space programs. 

This third part, just as the first two parts of the study, should 
contribute significantly to the discussion of issues over which this 
Committee has jurisdiction. 

John C. Danforth, Chairman. 

(JU) - 



ERRATA SHEET 

All spacecraft illustrations appci'-tng in this volume are copyrighted 
(including figures J3-35, 40-41, 43-45, 47-48 by 13. R. Woods and 36- 
39. 42. and 46 by G. H. Perry) and may noi oc used elsewhere without 
their permission. 



LETTER OF SUBMITTAL 



U.S. Senate, 

Committee on Commerce, Science, and Transportation, 

Washington, DC, 

Hon. John C. Danforth, 

Chairman, Senate Committee on Commerce, Science, and Transport 
tat ion, U.S. Senate, Washington, DC 

Dear Mr. Chairman: Transmitted herewith is the third of a 
three part study, entitled **Soviet Space Programs: 1976-80." Pre- 
pared at the request of the Subcommittee on Science, Technology, 
and Space, the report presents a comprehensive and derailed over- 
view of the Soviet space program. 

This third and fi^l part of the study reviews the Soviet un- 
manned space prog^nris during the period of 1957-83. Specifically, 
this part provides a comprehensive survey of the Soviet space sci- 
ence programs and the Soviet military space programs, including 
its long history of anti-satellite activity. 

Part 1 of this study contdns detailed information on supporting 
vehicles and launch facilities, political goals and purposes, interna- 
tional cooperation in space, and the future outlook for Soviet space 
programs. Part 2 of this study reviews Soviet manned space activi- 
ties and supporting life sciences research. 

With the completion of the final part of this study, it is appropri- 
ate and timely to commend the Congressional Research Service for 
such a scholarly and thoughtful effort in each of the three parts of 
this study. These three volumes will ser*^e as one of the truly au- 
thoritative sources for information on the Soviet space programs, 
and the Committee and other Members of Congress are fortunate 
to have this study as a reference. 
Sincerely, 

Slade Gorton, 
Chairman, Subcommittee on Science, 
Technology, and Space, 

iV) 
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Congressional Research Service, 

The Library of Congress, 
Washington, DC, January 29, 1985. 

Hon. Slade Gorton, 

Chairman, Subcommittee on Science, Technology, and Space, Com- 
mittee on Commerce, Science, and Transportation, U.S. Senate, 
Washington, DC. 

Dear Mr. Chairman; We are happy to transmit to you herewith 
the third and final part of our review of Soviet space activities for 
the period 1976-80. As you know, Dr. Charles S. Sheldon II, who 
spearheaded the preparation of earlier edicions of this report and 
was to have been primarily responsible for this edition as well, 
passed away in 1981. As a result, this report has taken longer to 
prepare than we had planned, and we have, therefore, included a 
supplementary chapter which highlights significant Soviet space 
activities from 1981 to 1983. Information in this report is current 
as of December 31, 1983. 

This volume has been written by Marcia S. Smith, Specialist in 
Aerospace and Telecommunications Systems; Geoffrey E. Perry, 
M.B.E., head of the Kettering Group of amateur satellite observers 
in England; and Patricia E. Humphlett, Analyst in Aviation and 
Space. Ms. Smith was responsible for overall coordination of the 
report, aud (c^ writing the sections concerning space science, as 
well as the Executive summary and the overview. Ms. Humphlett 
contributed to the chapter on space science programs. Mr. Perry 
was responsible for the two chapters on space applications and 
military space activities, and contributed to the overview section. 
Before his illness, Dr. Sheldon had prepared many of the tables 
which appear in this volume. 

As requested, this part of the report is being sent to you in 
camera ready copy to accelerate the publication process. Ms. Shir- 
ley Williams and Mr. Terrence Lisbeth of the Production Support 
Unit of the Science Policy Research Division have been responsible 
for preparing the copy, and Ms. Sandra Burr, Ms. Kaseem Hall, 
and Ms. Karina Bush have all contributed to preparation of the 
manuscript. Mr. John Ragsdale of CRS' Automated Information 
Systems Office and Mr. Lloyd Beasley of your committee's staff 
have been particularly helpful in this process. 

It should be emphasizal that this report is based exclusively 
upon unclassified sources, including Soviet announcements and in- 
dependent analyses made by Western observers of the Soviet space 
program and reported in the United States and abroad. 

Special thanks are extended to Mr. David R. Woods, an engineer 
with IBM Federal Systems Division in Owego, NY, who has provid- 
ed many of the illustrations for this volume. All the illustrations 
are based on unclassified materials appearing in scientific journals 
or actual models shown at the Paris Air Show and other technical 
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displays, and various Soviet documentary films. These illustrations 
are copyrighted and may not be used elsewhere without his permis- 

^^°Part 1 of this review, dealing with launch vehicles and sites, po- 
litical goals and purposes of the Soviet program, the Soviet attitude 
toward international cooperation in space, Soviet organiza^io? 
conducting its space activities, and the resource burden of the 
space prolram o^ the Soviet economy, was published in Decemoer 
1982 by your committee. Part 2, covering the Soviet manned space 
program and the space life sciences, was published in October 1984 
by your committee as well. We hope that these comprehensive re- 
views of Soviet space activities, which CRS has prepared since 1961, 
continue to be useful in your deliberation on priorities for the U.b. 
space program. 

Gilbert Gude, Director. 
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Executive Summary 



Since 1976 when the last edition of this study was published, the 
Soviet Union has continued its unmanned space programs for 
Earth orbital science, planetary exploration, space applications, 
and national security, but there have been few great strides. 
Rather, it has been a period of steady evolution of the satellites 
used for these purposes. 

Of the various types of space activities addressed in this study, 
the most controversial have certainly become those which support 
national security goals, with a growing worldwide debate over the 
"militarization of space." In some minds, this is a debate over 
whether or not there should be weapons in space; in others, it con- 
cerns whether there should be any military uses of space, aggres- 
sive or nonaggressive. In general, however, it is the issue ot space 
weapons which has received the most attention. 

The Soviet Union has been testing an antisatellite [ASAT] device 
since 1968, and in 1977, the United States declared the Soviet 
system operational. In response, the U.S. initiated development of 
its own ASAT, and called on the Soviet Union to negotiate over 
limiting such weapons. Three rounds of talks were held from 1978 
to 1979, but they were not resumed following the Soviet incursion 
into Afghanistan in December 1979. 

During the next several years, the expanding budgets for U.S. 
military ^ace activities and the continuing development of the 
U.S. ASAT prompted concern in the United States and abroad over 
what was viewed as the increasing military involvement in space, 
particularly for weapons purposes. Then, in March 1983, President 
Reagan began a chain of events which ignited the debate not only 
about ASAT's, which attack satellites, but the prospects for a 
space-based ballistic missile defense [BMD] system for attacking 
ICBM's and SLBM's enroute to their targets. 

In a nationally televised address on March 23, 1983, President 
Reagan called on the scientific community which had developed 
nuclear weapons to now develop a system to render those weapons 
"impotent and obsolete." His advisers indicated that one possibility 
would be to base directed energy weapons (lasers or particle beams) 
in space to intercept nuclear missiles during boost phase. Thus, the 
President's idea became known as "Steir Wars, conjuring up 
images of Luke Skywalker and Darth Vader, even though the 
President himself had said nothing about where such a ballistic 
missile defense system would be based. Also, the President initiated 
only a research program (formally called the Strategic Defense Ini- 
tiative) and did not make a decision to develop, test or deploy a 
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HMD system NeviTthclfSS, tlie ensuitig debate focused on the tech- 

^ologicaf and cost implications of d-P'"/'"?," Ss wer ■ d^ 
evetpm and interest naturally grew in what the boviets wer. auiuy 
irtL^area of Sary space Si^rations in general, and space weap- 

''The UnUed St'ales and Soviet Union use space for essentmlly the 
«nmp militarv functions, and have done so since the beginning ot 
?£^space pro^aT ffi have military communications, reconnais- 
saLe SvSion meteorological, and geodesy and mapping satel- 
iftes aSd both h' "e or have had space weapons. Although space 
w^mon" ba^^^^^ a topic of widespread interest only in the 

oast 2 oHfyLrs they have been part of the space program since 
at tit T9r,9 when the United States launched a missile from an 
a rcrlft to intercept a U.S. satellite. Although that program was 
the Unifed States did have an operational ASAT system 
using cround-launched missiles from i9b4 to LJio. 

The Soviet Union may have had an ASAT capability as early as 
l«Hi2 using the Galosh antiballistic missile system deployed around 
MaiZ bvcau^e during that year Nikita Khrushchev announced 
thSXy had a m^sile that coJld "hit a fly in outer space." In any 
case they began orbital testing of their current ASAT system in 
Vm and 2 ) te.sts of the system had been made by the end ot 1983. 
It Is th"s system which the United States declared operational in 

^' Thus it is not fair to claim that either side is single-handedly re- 
soSle for ''militarizing-' space, whether that term is used ge- 
nSl^frefe" to any military activity - f ^^^^^ 
nications) or just to weapons systems. This does not maKe ine 
drate ovei the militarization of space any less important, but 
should place the issue in a broader perspective. 

It is not within the purv ew of this report to enter into ine 
debate concerning space based BMD. other than to say that i can 
«.!llv hp assumed that the Soviet Union is aware of the advantages 
a'd'disXnragl) o^^ such a system, and is PerW-in^^^ 

some amount of research in these technology areas^ Fr^^^^^^ 
classified literature, there is no evidence ^^^^ 
ed research activities into an equivalent of the SDl Frogiam, now 

*'''The Soviets have shown interest in negotiating a treaty to ban 
weapons ?rom space, as has the United States .The mitml negot^^^^^ 
tions over ASAT's resulted from a U.S. initiative. Two years alter 
hey ended the Soviets introduced a draft treaty at the tmted Na- 
thms which would have banned the stationing of weapons in outer 
sXemnd there ore would not have affected either the operational 
SotieV ASAT System or the U.S. ASAT system in °pment). In 
AuLmst 198;^ ") months after President Reagan s btar wars aa 
d.^.ss he Soviets introduced another draft treaty to ban the use of 
f;, ccMn spaa, which would include ASAT's and space-based BMD. 
Lnd instituted a unilateral ASAT testing m^^^^^^^ (without ad- 
mittiny that they a ready had an ASAT sy&tem). 

At^he end of 198:^. no negotiations were in progress between the 
two countries or at a multilateral level, and the debate over space 
weapons continued at a high pitch. 

li 
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Although space weuiwns have occupied the public mind in recent 
years, the other unmanned activities, space science and space ap- 
plications, should not be overlooked. In the Soviet program, space 
science activities continued at a modest pace, and in space applica- 
tions, significant progress was made in communications and navi- 
gation satellites. 

Only one more Soviet lunar probe was launched— Luna 24 which 
returned a third sample from the surface of the Moon. Like the 
United States, the Soviet Union seems to have temporarily lost in- 
terest in sending spacecraft to Earth's only natural satellite. No 
more attempts were made to send spacecraft to Mars, although the 
Soviets have indicated that they may do so in 1988. No Soviet at- 
tempts were made to send spacecraft to Mercury, Jupiter, or 
Saturn, planets to which U.S. probes have been sent already. Since 
1976, only Venus has been visited by Soviet probes, and a total of 
eight were launched. The results from the Venus probes have been 
ve.y good, but the limited scale of the Soviet planetary effort re- 
mains quite evident. 

The unmanned Soviet Earth Orbital Science Program also con- 
tinued on a modest scale, although the launch of two observatory 
class satellites in 1983 (Astron and Prognoz 9) may^ signify an in- 
creased interest in such missions. Few observatory class scientific 

Eayloads have been launched in the Soviet program, although the 
Inited States has had several maior series of these satellites. 
The scarcity of unmanned Earth Orbital Space Science Programs 
is somewhat mitigated by the research which can be performed on 
the Salyut space stations (see part 2 of this study), but it would 
appear that the lack of an organization like NASA to support space 
science in the Soviet Union has relegated it to a comparatively 
minor role in the overall program. 

The most notable gains in the area of unmanned space applica- 
tions in the Soviet program has been in utilization of geostationary 
orbit for communications satellites, initiation of the GLONASS 
navigation satellite system, and the use of a side-looking radar for 
ocean monitoring, although it should be noted that two other space 
applications areas, remote sensing and space manufacturing, have 
achieved substantial results in the manned program (see part 2 of 
this study). 

Although the Soviet Union was the first country to have a do- 
mestic communication satellite system, the highly elliptical "Mol- 
niya" orbit used for these satellites was of limited utility for inter- 
national communications, which are better served by satellites in 
geostationary orbit [GEO} where they maintain the same position 
relative to a given ground station. The first Soviet geostationary 
satellite was not launched until 1974, 11 years after the first such 
U.S. satellite, but by the end of 1983, the Soviets had three differ- 
ent systems in place (Ekran, Raduga, and Gorizont) and at least 
three more planned (Volna, Loutch, and Gals). Clearly they have 
found GEO satellites a valuable adjunct to their Molniya system. 

The GLONASS navigation satellite system can provide three-di- 
mensional data (altitude, latitude, and longitude) like the U.S. 
NAVSTAR Global Positioning System. Although the United States 
had its first NAVSTAR launch in 1978, only seven were in orbit by 
the end of 1983, all in the developmental (rather than operational) 
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series. By contrast, the Soviets launch the GLONASS satellites 
thr^ at a time, and accomplished three such la^H^^^es ^ptv^e^n 
1982 and 1983. for a total of nine satellites in orbit. 1" this case 
the^viets appear to have progressed further than the United 
Stltt% even th^gh they started much later. Neither system was 

fich^of^KS^mos ^ 1983 signalled an expanded inter- 

est in i^rforming ocean surveys from space. The spacecraft, with 
ite sfdeSfS ridar. was used to help extricate Soviet ships from 
arctic ice. and continues to be used for ocean surveys with wide dis- 
semination of the data through inexpensive ground stations ^ 

The most notable lack of progress in the Soviet unmanned space 
aoDlications program was the absence of a geostationary meteoro- 
logS sSSlHte. It had been promised in 1979 as part of an interna- 
tional weather program, but still had not been launched by the end 



of 1983 

Thus", it can be said that progress was made in all the areas cov- 
ered in this volume, but the Soviets still have some distance to go 
in their space science and space applications programs to catch up 
with the United States. 
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Chapter 1 

Overview of Unmanned Space Programs: 1957-83 

V '■ . 



The largest component of the Soviet space program, and the U.S. 
space program as well, is unmanned space activities. These activi- 
ties include those related to science, applications (such as commu- 
nications and remote sensing), and national security. The most well 
known of the Soviet unmanned probes is, of course. Sputnik 1, 
which ushered in the space age on October 4, 1957. 

Although there nave been many projects with specific names 
such as Meteor, Molniya, Venera, Mars, and Luna, the largest 
number of unmanned launches in the Soviet program have been 
given the generic designation, Kosmos. By the end of 1983, there 
had been 1,591 Kosmos spacecraft. The word siShply means "space" 
in Russian, and satellites launched with this name include scientif- 
ic probes and engineering tests, but the largest single category ap- 
plies to military missions. Spacecraft which fail once they reach 
orbit are often designated Kosmos, too, despite whatever their 
original mission might have been. 

This report is part 8 of the most recent of a series of 5-year re- 
ports prepared for the Senate Commerce, Science, and Transporta- 
tion Committee * by the Congressional Research Service, and pro- 
vides information on unmanned scientific, applications, and mili- 
tary space programs. Volume I discusses launch vehicles, launch 
and tracking sites, international cooperation, organization for 
Soviet space activities, and how much the Soviets spend on their 
space activities. Volume II addresses manned space activities, in- 
cluding the space life sciences. 

Chapters 3, 4, and 5 of this part of the report provide comprehen- 
sive details on space science, space applications, and military space 
programs, respectively. Chapter 2 has been provided to highlight 
activities from 1981 to 1983, the time auring which the report was 
written. This chapter serves as an overview of the unmanned pro- 
grams of both the Soviet Union and the United States. Readers in- 
terested in more detail on the Soviet flights will find information 
in the remaining chapters of this vciume. Detailed information on 
U.S. space science and space applications activities is contained in 
U.S. Civilian Space Programs, volume I and volume II, prepared by 
the Congressional Research Service for, and published by, the 



' Until 1976, the Aeronautical and Space Sciences Committee. 
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House Committee on Science and Technology in 1981 and 1983, re- 
spectively.^ ' 

SPACE SCIENCE 

The launch of Sputnik 1 on October 4, 1957, if,. remembered for 
its hfstork role as the world's fust artificial satellite, but it should 

. ^^t^SI S^^^ it was also the ^ Th'IKrerrt^'^^^^^^^^^^ 
In fact it was the scient sts who urged both the Un ted states ana 
the^viet U^ion to launch satellites to assist in their investigation 
of atoosphe?i? phenomena during the International Geophysical 
Year (Julv 1. 1957 to December 31, 1958). „ „ , , 

Both ^pu nik and the first U.S. satellite. Explorer 1, were 
lai^ched during the IGY. The United States had not planned that 
Explore? 1, buiU by the Army's Jet P^oPulsion Labora^^^^^^^ 
be the first U.S. satellite, however. Rather, President E senhower 
hid eltabliFhed the Vanguard Program to develop a civilian satel- 
lite and la ich vehicle tS demonstrate the U.S. commitment to the 
ueaceful uU of space. Th* Vanguard Program did not receive very 
Ch pr orUy untiS the launch of Sputnik, however after w.ich an 
accelerated schedule resulted in an ^.^.^ Ste his o^^^ 
first launch was attempted on December 6 195 . «Pf^^^^^^^^ 
<;ition to usine a military rocket to carry the first U.b. satellite inio 
orbU PresK Eisenhower was forced by events to permi tht 
Army to use its Jupiter C rockcL to place Explorer 1 in orbit on 

''Tsel^howefcL^inued to insist that the United ^^^^^^^^^ 
strictly civilian space proRram, which ultimately l^d to . he creation 
of the National Aeronautics and Space Administration [NAb A J. 
U S military space programs remained under the jurisdiction of 
the Department of Defense. In the Soviet Union, no fuch distinc- 
tion was madi. The entire Soviet Space Program is conduced by 
the Strategic Rocket Force, except for cosmonaut training Wxuch is 
under the jurisdiction of the Soviet Mr Force. There is no Soviet 
eq^valenVof nS input is made primarily through the 

Soviet Academy of Sciences. 

Earth Orbital Space Science 
c;mitnik 1 revealed characteristics of the ionosphere through 
vaHat ons in ~ping signal, and its ofbital perturbations and 
eventual decry provided information on atmospheric density^ This 
was the Sning of the Soviet Earth Orbital Space Science Pro- 
gram whicfi has svibsequently involved satellites launched under 
tirkosmos and Interkosmos designations the l^atter de^^^^^ 
flights which are conducted cooperatively with other couutries. in 

addition, there have been a few other PFf^'-^T^l.^^^^tel Ute^h^ 
rant nf which are the Prognoz series and the Astron satellite, ine 
kosmos and Interkosmos .spacecraft are similar to the satellites in 
The U S. Explorer series and generally are single Purpose satellrtes 
opUmized for a specific mission. Prognoz and Astron are observato- 

"T;^:;;;;;7n U S m.Ut^ry space activ.fes is now in preparat.un by CRS and ..hould be avail- 
able i»8 a C'RS report in the spring of I'JSS. 

•Mt wa« .Jan iJl local time; Feb. 1. Greenwich mean time 
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ry clasa satellites with multiple scientific objectives, in the same 
category as the U.S. Orbiting Astronomical Observatories, Orbiting 
Solar Observatories, and High Energy Astronomy Observatories. 
The United States has done much more with its Earth Orbital 
Space Science Program than the Soviet Union, although the launch 
of Prognoz 9 for radio astronomy and Astron for x ray axiji ultra- 
violet astronomy in 1983 may signal an increased Soviet interest in 
such activities. 

Exploring the Moon and Planets 

Although the Soviets were not successful in sending people to the 
Moon (see volume 2 of this report for a discussion of the *'Moon 
Race"), they did have an active program of unmanned lunar probes 
from 1959 to 1976. The United States launched unmanned lunar 
probes from 1958 until 1968, followed by the manned Apollo land- 
ings from 1968 to 1972. 

The first attempts to send probes to the Moon were made by the 
United States and met with mixed success. Satellites in the Pio- 
neer series between 1958 and 1960 were meant to either orbit or fly 
by the Moon, and only one of the nine probes launched accom- 
plished a fly-by mission. The Ranger Program which followed, from 
1961 to 1965, was intended to return television pictures of the 
Moon before the spacecraft made a hard impact on the Moon^s sur- 
face*. The first six Rangers failed (the first two were vehicle tests), 
although the last three were successful 

During this period, the Soviets launched Luna probes with a va- 
riety of missions, including flybys, hard landings, and soft landings. 
Of the eight Lunas launched from 1959 to 1965, ^wo are considered 
complete successes in the West. One of these, LUiia 3, returned the 
first pictures of the far side of the Moon in 1959. 

From 1966 to 1968, the United States launched two series of 
lunar probes. Surveyor and Lunar Orbiter. The Surveyor Program, 
which was much more successful than Pioneer and Ranger, in- 
volved probes hich could make soft landings on the lunar surface 
to provide data to be used for the manned Apollo Program. The 
completely successful Lunar Orbiter Program involved spacecraft 
which made detailed maps of the lunar surface to provide data on 
landing sites for the Apollo crews. The Soviets, meanwhile, contin- 
ued the Luna series, and succeeded in attempts at soft landings 
and orbiters. 

In 1969, attention in the United States turned to the manned 
Apollo Program, and six crews landed on the Moon through the 
end of 1972. No further U.S. lunar probes, manned or unmanned, 
have been launched since that time. 

For their part, the Soviets continued the Luna Program, launch- 
ing orbiters and soft landers. Two different types of landers were 
developed, one for automated sample return, and the other which 
deposited roving vehicles called Lunokhods for long-term studies of 
the lunar surface. Three samples were successfully returned (in 
1970, 1972 and 1976), bringing back a total of approximately 330 
grams of lunar material (compared with 380 kilograms returned by 
the six U.S. Apollo crews). The two Lunokhods were launched in 
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1970 and Um reHp<*ctivt.ly. No Soviet lunar nights have taken 
nlarp since the last successful sample return in iw/b. 
'In^he ^id^f planetary explorati the Sov ets have^ 
tempted to send unmanned spacecraft as close to the Sun as Mer 
cuTv or as far from it as Jupiter and Saturn. By contrast U.S. 
u^Xs have visited Mercury. Venus. Mars. Jupiter, and Saturn 
Snd one is now en route to Uranus. One of the probes which visited 
jSpiter (Pioneer 10) became the first manmade object to leave the 

'^T^'e'Ci^tsVavf focuLd on Mars and Venus. With Mars, they 
have had Iktle success, but the results of the Soviets Venera probes 

'«v^e\^:tWy admitted to launching -en probes to 
Mars- one in 1962. two in 1971. and four in 1973, The two n 19 a 
were comb nation orbiter/landers. but did not carrv biological ex- 
^r?ment8 as did the U.S. orbiter/lander Viking probes in 1975-76. 
Of the Soviet probes, onl- one (Mars 5. an orbiter) can be consid- 
ered a comp ete success hy Western standards, although most re- 
turned atlast some data about the planet. The primary problem 
seemed to be in targeting the spacecraft and in ensuring that the 
braking rockets functioned properly. Two of the landers (Mars 3 
and Mars 6) proceeded to the surface correctly, but Mars 3 ceased 
franSing 20 seconds after, it reached the surface, and contact 
was lost with Mars 6 just before it reached the surface. . 
By contrast, the United States had good results from its Mariner 

4 6 and 7 fly-by probes (Mariner 3 was a failure), and Mariner 9, 
an orh^ter provfded the first detailed mar ping of the Martian sur- 
face in 1972 (Mariner 8 was lost in a lai nch vehicle failure). The 

andine of Viking 1 and 2 on the surface of Mars in 1976 provided 
deS infbrS^ on the two landing ^iteS' ^l^hc^u^^^ 
frnm the experiments designed to determine if there is life on the 
ptot were inJC^clusive. The Viking 1 lander lasted longer than 
anv of the other Viking spacecraft, returning data until November 

5 The Viking orbiters returned exhaustive data about the Mar- 
tian surface and Mars' moons. Phobos and Diemos. 

At the end of 1983. plans were reportedly underway by the Sovi- 
ets to launch a probe to Mars in 1988. apparently for detailed stud- 
ied of ISorand the United States was contemplating the Uunch 
nf a M-irQ "L'eoscience/c mato ogy orbiter in 1990 tO aiiempi lu 
determini w'hat happened to the'i-ater that scientists believe once 

"7he' ^v\^^ ta^f d\rtercon^dsrab,e effort to detailed studies 
thP itmosDhere anc' surface of Venus. Between 1961 and 198^. lb 
Vene a craft had been launched, and two were in orbit 

ai^und th'e* planet performing "^anping stud es using -d^ look ng 
r.idars. The United States has devo ed less effort to studj^ ing 
\'enus. launching five probes between 1962 and l^^s- pne oi wmcn 
had five separate ent.y probes for atmospheric studies. The Pio- 
mtr Venus I orbiter, launched in 1978, continued to return data at 
thp Pnd of V^'^'.\ after more than 5 years of operations. 

The most s art ing discoveries about Venus have came from 
imaees^lturned by Venera 9 and 10 in 1975. They were he irst to 
'return JictJres f'om the surface of another Pl^n^t. haying landed 
on VenSs a year before the U.S. Vikings reached Mars. The pic- 
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tures were surprising tor several reasons. For example, ij;,h^ been 
expected that Venus was a geologically "dead" planet, and that 
rocks would long since have b^n eroded by the harsh climatic con- 
ditions on the planet's surface. Instead, Venera 9 and 10 found 
plenty of rocks with sharp cleavages, indicating that Venus was 
geologically active, a discovery supported by additional Venera and 
the U.S. Pioneer Venus missions. In addition, it had been thought 
that it would be relatively dark on the surface since the thick 
clouds were thought to obscure most of the sunlight, and Venera 9 
and 10 carried spotlights to illuminate the landing area. Instead, it 
was found that the surface was as bright as Moscow on a cloudy 
summer day. Thus, the Venera 9 and 10 spacecraft, and their suc- 
cessors including Venera 13 and 14 which returned color photo- 
graphs showing the surface and atmosphere to be reddish-orange 
(because of iron oxide in the soil, which is blown up into the clouds, 
by winds), have significantly changed scientific theory about 
Venus. 

The Soviets are planning two Venus-related launches in Decem- 
ber 1984. Called VEGA, for Venus-Halley's Comet, the probes will 
drop off landers at Venus, as well as balloons which will float down 
through Venus' atmosphere for detailed studies of its constituents. 
The spacecraft buses, which carry imagine equipment, will then 
continue on to a rendezvous with Halley s Comet in 1986. The 
United States is not sending anv spacecraft to Halley's Comet, al- 
though an existing spacecraft has been modified so that it can 
return data about the Giacobini-Zinner Comet for comparative 
studies. Originally called the International Sun-Earth Explorer 3 
riSEE], the spacecraft was placed in an orbit half way between the 
Earth and Sun, and was performing magnetospheric studies in con- 
nection with its sister satellites, ISEE 1 and 2, in Earth orbit. 
ISEE--3 has now been redesignated ICE [International Comet Ex- 
plorer] and is using onboard propulsion to change its orbit so that 
it can intercept the comet for comparative studies. Japan and the 
European Space Agency (a group of 11 European countries) are 
sending probes to Halley's Comet, and an international agreement 
has been signed for sharing of the data from all these probes, plus 
Earth-based studies. 

The United States is planning to launch the Venus Radar 
Mapper [VRM] mission in 1988 which will provide more detailed 
mapping of the planet's surface. The radars on the Soviet Venera 
15 and 16 spacecraft have a resolution of 1-2 kilometers; VRM will 
have a much better resolution of 200-330 meters. 

SPACE APPLICATIONS 

The several disciplines of communications, meteorology, naviga- 
tion, Earth resources, geodesy and mapping, and space manufactur- 
ing are all examples of what may be termed space applications. 

The United States and the Soviet Union both have large space 
applications programs, although the United States was first in the 
field and has remained ahead in most respects, including the 
number of satellites employed for particular applications, the serv- 
iceable lifetime of the satellites, and the sophistication of the equip- 
ment. Nevertheless, the Soviet Union continues to make steady 
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progress in all applicatioits areas and the operational lifetimes of 
their payloads are.becoming longer. 

Space Manufacturing 

Space manufacturing is the only area in which the Soviet Union 
has surpassed the United States by virtue of^& work performed 
by cosmonauts on the long duration Salyut space station missions.. 
Materials processing furnaces have taken advantage of the oppor- 
tunity provided by microgravity conditions and the high vacuum ot 
space to produce commercial quantities of superpure cadmium-mer- 
curv-telluride, an important component of infrared devices, and 
saniples of "new" materials, such as superconductors glasses,- pure 
metals allws and eutectics, semiconductors and crystals which are 
difficult oFimpossible to produce on Earth. They have also pro- 
duced vaccines by • electrophoretic techniques. The United States, 
having experimented with ^rnaces in Skylab and, briefly, during 
the ApoUo-Soyuz Test Project [ASTP], has been forced to wait for 
the space shuttle to resume similar experiments. The focus on the 
U S, materials processing in space program is currently on continu- 
ous-now electrophoresis for vaccine production, which is be;ng per- 
formed under a Joint jGovernment-industry arrangement. 

Communications 

Following experiments v :h both military and civil communica- 
tions satellites in low Earth, orbit, the Umted States lannche^^^^^^^^^ 
first geostationary communications satellite in 19btJ. l^e geosia 
ionary orbit is a spqcial orbit 35,800 kilometers above the equa or 
where a satellite can maintain a fixed position relative to any point 
on Earth because the orbit«l yeriod of the satellite matches the si- 

"^The i^Iii^s°did not^ launch their first geostationary satellite until 
1974 primarily because of the greater energy required for a launch 
vehicle to accomplish such a task from the more northerly Soviet 
launch sites. In addition, geostationary satellites have a more limit- 
ed utility for the Soviet Union itself, since r,o much of its territory 
is at far northern latitudes which are difficult to reach with trans- 
missions to and from an equatorial o^it Consequently, the 
Union developed a communications satellite system called Molniy^^^^ 
which uses what is appropriately called a Molniya orbit. This is an 
eccentric orbit with a very high apogee (40,000 kilometers over he 
Northern Hemisphere and a low perigee (500 kilometers) over the 
Southern Hemisphere. Inclined at 63», these orbits have a 12-hour 
pt.riod (semisynchronous), and provide a long linger time ot as 
much as S hoQrs over the Northern Hemisphere. A system of these 
satellites, then, can provide 24-hour coverage, and the Soviets use 
y . . a'va 1 and Molniya 3 satellites for this purpose. 

'while of less utility for domestic communications, geostationary 
satelli es are nevertheless valuable for international communica- 
tions and beginning in 1974 the Soviets began launching geosta- 

ionaVy communications satellites Currently,, they nave series of 
Ekran Raduga, and Gorizont satellites for various types of commu- 
nications, and they have registered with the International Telecom- 
munications Union for three more series: Loutch (or Luch), Volna, 
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and Gals. The latter apparently will be for military communica- 
tions. Experimental Loutch and Volna transponders have been 
flown on other Soviet communications satellites. It would appear 
that both semisynchronous and geostationary satellites will have 
ipajor roles to play in Soviet communications plans in the near and 
long-term future. 

In 1968, the Soviets announced that they would form the Inter- 
sputnik organization as an alternative to the Intelsat international 
communications satellite organization which they considered too 
strongly under the influence of the United States. Intersputnik 
began operations in 1971 relying entirely on the Molniya system, 
and only the Soviet Union and it allies joined the system. Even 
with the advent of Soviet geostationary satellites, few countries 
have joined Intersputnik instead of Intelsat, and at the end of 1983, 
there were 108 countries that had joined Intelsat, and 14 which be- 
longed to Intersputnik. Although it has never joined Intelsat, the 
Soviet Union does use the Intal^at system. 

^ Meteorology 

- The Soviet Union still has not launched geostationary meteoro- 
^ logical satellites, relying instead on the polar orbiting Meteor 
' spacecraft which are somewhat similar to the U.S. NOAA satel- 
litcJS.^They have no equivalent of the GOES system, although they 
Had announced plans to launch a geostationary weather satellite in 
1979 as part of an international meteorological effort which in- 
volved satellites launched by the United States, the European 
Space Agency, and Japan. By the end of 1983, the Soviet satellite, 
called GOMS [Geostationary Orbit Meterological Satellite], still had 
npt been launched. 

Two generations of Meteor satellites have been used since 1969 
to provide cloud-cover imagery. The Sun-synchronous retrograde 
orbits used by the U.S. NOAA weather satellites was not adopted 
until 1977 by the Soviet Union, and satellites in these orbits are 
designated as Meteor-Priroda , (Nature) and primarily perform 
Earth resources roles. 

Earth Resources 

The United States v/as first in the Earth remote sensing field, 
launching the first dedicated remote sensing satellite, Landsat 1 
(then called ERTS 1), in 1972. Since then, four more Landsats have 
been launched. They carry multispectral scanners for gathering 
data which can be used for a variety of purposes including assess- 
ing crop yields, performing mineral surveys, and studying geologi- 
cal features. 

The Soviet approach to remote sensing is somewhat different, re- 
lying on film cameras rather than scanners. Much of their remote 
sensing work is performed on the Salyut space stations (in orbits 
which are inclined at 51.6^), augmented by several 2-week Kosmos 
nights per year inclined at 82.3% all of which use film. There have 
been a few Meteor-Priroda satellites, as mentioned above, which 
are in Sun-synchronous orbits and use scanners, and Kosmos 1484, 
launched in 1983 into a Sun-synchronous orbit, may be a closer 
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Soviet equivalent to the U.S. Landsat satellites, but few details 
have been released- 



Navigation 



The United States developed a navigation satellite system called 
Transit which provides two-dimensional data (latitude and longi- 
tude) Satellites launched in this series are called Transit or Nova, 
the latter being an improved Transit satellite. Although it is tech- 
nically a Navy program, more than 90 percent of the users are in 
the civilian sectQr. The Soviet Union has a similar system The sat- 
ellites in this series are given Kosmos designations, and according 
to analysis by the Kettering Group, there is a constellation of six 
satellites at 30° plane spacings which apparently serves the mili- 
tary sector, and a constellation of four satellites at 45° plane spac- 
ings (called Tsikada) which apparently Serves the civilian sector. 

The United States decided that it would be useful to have a navi- 
gation satellite system which provide^ three-dimensional data (alti- 
tiile as well as longitude and latitude), so began development of 
the NAVSTAR Global Positioning System, which will also provide 
much greater accuracy than the Transit system. When oi»rational, 
the system will use 18 satellites in 6 orbital planes. NAVSTAR is 
expected to be fully operational in 1988, although seven satellites 
in the developmental series have already been successfully 
launched. Similarly, the Soviet Union decided to develop a three- 
dimensional system, called GLONASS. The Soviets launch their 
satellites three at a time. By the end of 1983, there had been three 
such launches, for a total of nine GLONASS satellites in the exper- 
imental series. The first two seta went into the same plane, but the 
third entered a plane separated by 120' from the first and may 
signal a move toward an operational status, although the satellites 
are not equally spaced around each orbital plane. 

The KOSPAS/SARSAT Search and Rescue Satellite System 

The K'^^SPAS/SARSAT Search and Rescue Satellite Program is 
an international effort which involves satellites launched by the 
Soviet Union and the Unit«d States, and control cer'-ers and 
ground stations in those countries plus Canada, France, Norway, 
and Britain for receiving messages from aircraft and ships in dis- 
tress. The SARSAT equipment is launched on U.S. NOAA weather 
satellites and was developed jointly by the United States, Canada, 
and France; the KOSPAS equipment was developed by the Soviets 
and i? launched on Kosmos satellites using the Tsikada navigation 
satellite design. Finland, Bulgaria, and Sweden also participate in 

the program. . , , . t moo 

The first Soviet KOSPAS satellite was launched m June 1982 as 
part of the demonstration phase of the program, and the first 
rescue took place in September of that year. The second KUfcjFAb 
satellite was launched in March 1983; the first Sarsat equipped 
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NOAA satellite was also hiunched that month. By the end of 1983, 
more than 00 lives had been saved by the system.'* 

Geodesy and Mapping 

The United States has flown many geodetic flights in order to 
correlate maps of different parts of the world and for determining 
the true shape of the geoid from analysis of small perturbations of 
the orbits. Data from the NASA geodetic missions (such as 
PAGEOS and LAGEOS) have been published, but not those from 
DOD missions. 

The Soviet Union claims to be interested in geodesy and map- 
ping, but has identified few flights for these purposes. Kosmos sat- 
ellites in near-circular orbits are presumed to have such roles, 
along with several others which are subsets of the reconnaissance 
satellite program. 

MILITARY SPACE MISSIONS 

The distinction between civilian and military space missions is, 
at l)est, nebulous. As noted earlier, the Soviet Union has no civilian 
space agency comparable to NASA, and uses the Kosmos label for 
all launches other than a few named applications satellite and sci- 
entific programs, interplanetary and lunar flights, and programs 
related to manned spacecraft. 

Reconnaissance 

Approximately half of all Kosmos -aunches have accounted for 
payloads which disappear from orbit while their orbital parameters 
indicate that they would not decay from orbit naturally. These re- 
coverable payloads are thought to perform photographic reconnais- 
sance missions, and their flight durations have progressed through 
four generations from an initial 3 days to more than 7 weeks. The 
Soviet Union currently obtains almost continuous coverage from 
one or more **third-generation'* satellites whose flight times last for 
2 weeks, and 'Tourth-generation'* satellites with Hfetimes of either 
4 or 6 weeks. This approach to reconnaissance demands a launch 
rate of approximately 30 satellites per year, in contrast to the U.S. 
reliance on fewer satellites with much longer lifetimes to provide 
equivalent coverage. Fourth-generation Kosmcs reconnaissance sat- 
ellites may employ both film return and digital image transmission 
techniques. 

A different type of observation satellite, which uses a nuclear re- 
actor powered side-looking radar capable of penetrating cloud cover 
and darkness, is used for ocean surveillance. These radar ocean re- 
connaissance satellites [RORSAT's], are designed so that the nucle- 
ar reactor portion separates from the instrument section after the 
end of the mission, and is boosted into a higher orbit from which it 
would not naturally decay until the radiation no longer presents a 
severe health hazard. 



* An a^freement between the Sorsat members and the Soviet Union for the operational phase 
of the program was signed in October 1984. at which time there were three operational 
KOSPAb satellites \n orbit The NOAA satellite which carried the Sarsat transponder h«id 
ceaaed operating by that time, although another launch waa expected in November 1984. 
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On two occasions, however, malfunctions have occurred and the 
entire satellite has reentered. In January 1978, Kosmos 954 reen- 
tered over Canada, spreading radioactive debris over the northern 
region of that country. When the RORSAT Program resumed 2 
years later, a design modification had been made to separate the 
fuel core, from the reactor vessel following the end of the mission 
lifetime, normally after the transfer to a higher orbit. In this way, 
if another malfunction occurred, the most radioactive part of the 
satellite, the core, would be exposed directly to the heat of reentry 
increasing the likelihood that it would disintegrate completely 
before reaching the ground. 

The value of this modification was proven in 1982 when Kosmos 
1402 suffered a malfunction and the reactor section did not move to 
the higher orbit. The core did separate from the reactor vessel, 
however, which was still attached to the instrument section. The 
le.s8 radioactive reactor vessel/ instrument section reentered over 
the Indian Ocean in January 1983. The core disintegrated high 
over the South Atlantic Ocean the next month. No incre^e in ra- 
dioactivity was detected in either area. By the end of 1983, no fur- 
ther satellites had been launched in this series.** The United States 
has no equivalent to the Soviet RORSAT's. 

A second class of ocean surveillance satellites use electronic tech- 
niques for passive intelligence gathering and are referred to as 
EORSAT's [electronic ocean reconnaissance satellites]. Both the 
United States and Soviet Union have these types of satellites In 
addition, both countries have other electronic intelligence [bLlNTJ 
satellites, sometimes referred to as Ferrets, which focus on geo- 
graphical areas other thau the oceans. TT J 

For early warning of ICBM and SLBM launches, the United 
States uses a system of three geostationary satellites referred to as 
the Defense Support Program [DSP]. The Soviet Union employs a 
different approach using nine satellites in highly elliptical Molniya 
orbits. The Soviet satellites transmit on frequencies close to those 
used by U.S. interplanetary probes and, despite their presumed 
military role, the Soviet Union has on request discontinued trans- 
n.issioiV. at times when NASA is trying to receive critical data 
from tl^ probes during planetary encounters. 

' Military Communications 

In the Soviet Union, there are several satellites which seem to be 
used for military communications, including Molniya Is, possibly 
transponders on geostationary satellites, and two sets of satellites 
at 74° inclination which are often referred to in the West as "store- 
dump" satellites. One set is launched eight at a time by a single 
rocket and it is thought that a constellation of 24 of these form the 
operational segment of a real-time tactical communication system 
within a given theater of operations. The second set involves satel- 
lites which are launched one at a time into orbits with plane spac- 
ings of 120°, and these are thought to perform communications in- 
telligence [COMINT] functions. 



» W)RSAT launch** resumed m June lii«4. 
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The United StateH relies primarily on several series of geosta- 
tionary communications satellites. These include the FLTSATCOM 
[Fleet Satellite Communication] system, the DSCS [Defense Satel- 
lite Communications System] series, and transponders leased from 
jKommercial satellites for maritime communications (MARISAT and 
LEASAT). In addition, the U.S. has the Satellite Data System 
series which are placed in Molniya orbits and provide communica- 
tions with U.S. bases at far northern latitudes, and which may also 
provide a link with certain U.S. reconnaissance satellites.^ 

Space Weapons 

Although public Interest in space weapons has only been evident 
for a short period of time, the first test of a system for destroying 
orbiting satellites occurred as early as 1959. This was the U.S. Bold 
Orion Program in which an air-launched missile scored a deliber- 
ate near-miss on the U.S. Explorer (3 satellite. The program was 
subsequently terminated, and the SAINT Program was initiated, 
an acronym which is alternatively described as having stood for 
SAtellite INspecTor, SAtellite INTerceptor, or SAtellite Inspection 
and NegaTion. The program was cancelled in 1962 before any 
flight tests occurred. 

In 19(52, Soviet Premier Nikita Khrushchev stated in an inter- 
view with American newspaper editors that the Soviet Union had a 
system that could *'hit a fly in outer space." It is possible that he 
was referring to the Soviet Galosh ABM system which was then 
being emplaced around Moscow, and remains there today. Follow- 
ing cancellation of the SAINT Program, the United States devel- 
oped an ?^.ntisatellite [ASAT] system using nuclear-tipped Thor mis- 
siles based on Johnston Island in the Pacific, which President 
Johnson declared operational in 1964. The system was dismantled 
in 11)75 and although tests were flown during the 1960s, none ap- 
parently carried a nuclear warhead. 

Beginning in 1968, The Soviets began testing a coorbital ASAT 
system using a nonnaclear explosive. Target satellites are launched 
out of Plesetsk (originally from Tyuratum), followed by the launch 
of an interceptor from Tyuratam. Attempts have been made to 
intercept the target in either one or two orbits; only two of the four 
single orbit tests have been successful. Two types of targeting sen- 
sors have been used, radar and an optical sensor. Only the tests 
using the radar have been successful. Thus, of the twenty tests con- 
ducted between 1968 and 1982 (the last time a Soviet ASAT was 
made), only nine have been successful. The Soviet ASAT has 
reached altitudes as high as 2,300 kilometers, although the highest 
altitude at which an interception was attempted was approximate- 
ly 1,()(K) kilometers. This indicates that the ASAT might be able to 
reach U.S. weather, reconnaissance, and Transit navigation satel- 
lites (although not the NAVSTAR system which is in a much 
higher orbit), as well as the space shuttle. As currently configured, 
it cannot reach U.S. communications and early warning satellites 
at geostationary orbit, although it is possible that in the future it 
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could be launchwl on u more capable launch vehicle to reach such 

It should be noted that there is a class of Kosmos sateUites which 
use orbits with similar characteristics to the Soviet ASAT target, 
and launches of these satellites are often mistaken by some West- 
ern analysts as target launches. Instead, they are probably for 
radar calibration in which fragments are released to simulate mul- 
tiple independently targeted reentry vehicles [MIRV s]. Suggestions 
that these satellites are used to monitor the results of ASAT tests 
are not supported by analysis of orbital data or their regular ap- 
pearance at times unrelated to ASAT tests. The radar calibration 
nights can be identified by their orbital period, which is approxi- 
mately 94 minutes, as opposed to an ASAT target, which has a 
period of approximately 96 minutes. ^. i 

In 1977, the United States declared the Soviet ASAT or ;rational, 
and embarked on development of a new ASAT system of its own. 
This system is based on an F-15 aircraft and uses no explosive 
device. It would destroy a target satellite by direct impact, but had 
not been tested by the end of 1983.' Because it is based on an air- 
craft, the system is more flexible than the Soviet ASAT system in 
that the ASAT device can be taken (within limits imposed by the 
rangp of the F-15) to where the satellite is located, instead of wait- 
ing for the satellite to be in a correct orbital position before launch 
can take place. Although information on the U.S. ASAT is classi- 
fied, it is thought that the U.S. ASAT suffers from altitude limita- 
tions like the Soviet ASAT, but it also could be placed on a more 
capable launch vehicle (such as a Minuteman) to reach higher alti- 
tudes. If its altitude limitations, as the system is currently confj&; 
ured, are similar to those of the Soviet system, the U.b. AtsAl 
could attack Soviet reconnaissance, weather, and navigation satel- 
lites (although not the GLONASS system), and the Salyut space 
station and associated spacecraft. In addition, if altitude alone was 
the limitation, Soviet communications and early warning satellites 
which use Molniya orbits would be vulnerable at perigee, although 
the perigees occur far out over the ocean and the satellites have 
high velocities when they reach perigee, so it is questionable as to 
whether the U.S. ASAT could destroy them or not 

The F-lo ASAT system is expected to be operational in 1987, al- 
though the program has encountered stiff opposition from the U.b. 
CongreKs, and the development schedule is quite uncertain." 

The Soviet Union developed another system which is often cate- 
gorized as a space weapon, although it was essentially a long range 
ICBM which would have approached the United States from the 
south instead of the north. Called FOBS [Fractional Orbital Bom- 
bardment System], tests were made between 1967 and 19 '1. Ihe 
satellites were recalled after completing slightly less than one 
orbit and their ground tracks were primarily over oceans and de- 
serts far from the United States. It is not thought that they car- 
ried nuclear warheads during these tests. No flights have been 



• Th.- CirM t.-nt ol th.' U S A.SAT w.us londucled in .January l'.W4 against a point m space and 
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made since 1!)71» and it is not known for certain whether the pro- 
gram was abandoned or phiced on a standby operational status, al- 
though the SALT II agreement (which has never been ratified) in- 
cluded among its agreed provisions the dimantlement of 18 "frac- 
tional orbital missile" launchers at Tyuratam, which may have 
been a reference to this system. 

In a March 23, 1983 national address, President Reagan called 
for research and development on a system to render nuclear weap- 
ons "impotent and obsolete" by developing a ballistic missile de- 
fense system. Although the President never mentioned space, the 
proposal immediately became known as the "Star Wars" proposal 
since his advisers stated that components of such a system might 
be based in space in order to attack ballistic missiles during their 
boost phase, prior to the deployment of MIRV's. 

Reagan^s address evoked considerable controversy over the tech- 
nical feasibility, economic costs, and political wisdom of deploying a 
BMD system. The United States and Soviet Union signed a treaty 
in 1972 (the Antiballistic Missile, or ABM, Treaty) allowing each 
side to have one fixed land-based ABM site, and prohibiting the de- 
velopment, testing, and deployment or air-based, space-based, and 
mobile land-based ABM systems, although new systems based on 
"other physical principles' were subject to further negotiations and 
possible amendments to the treaty. The program proposed by the 
President, formally called the Strategic Defense Initiative [SDIl, 
does not violate the treaty as long as it remains in the research 
phase. Among the research programs included in the SDI are di- 
rected energy weapons, which include lasers and particle beams.® 

The Reagan speech, coupled with the imminent testing of the 
U.S. ASAT system, prompted widespread debate over the "militari- 
zation of space'' which was continuing with vigor at the end of 
1983. For their part, the Soviets introduced a revised draft treaty 
at the United Nations in 1983 (the first one had been profferred in 
1981) calling for a ban on the use of force in space, which would 
affect both ASAT and space-based BMD systems. In addition, 
Soviet President Andropov announced a unilateral moratorium on 
testing ASAT's, promising that the Soviet Union would not be the 
first to place an ASAT device in space (avoiding admission that it 
already has such a system). No Soviet ASAT tests have taken place 
since June 1982. 

Whether or not the Soviets are contemplating a "Star Wars" 
system of their own is difficult to determine from unclassified 
sources. The Soviets characteristically place considerable emphasis 
on homeland defense, including air defense and civil defense. These 
types of activities are "strategic defense," so in that sense thr- y al- 
ready have a ^'strategic defense initiative." It has been reported in 
the Western press that they are developing space-based weapons, 
although they could be for ASAT rather than BMD purposes, and 
Pentagon witnesses have stated for many years that the Soviets 
spend three to five times as much as the United States on directed 
enerKy research, although this could be for ground-based rather 
than space-based applications. No useful conclusions can be drawn 



^ For ii diMUMiinn of tJn* Strat«^^'ic IX'fenst* Initiativf and con^i ".sional rt'aotion to it. s<»e CllS 
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from the open literuluru re^urciing the existence of a Soviet SDI 
Program. j 

CONCLUSION 

As can be seen, the United States has done more than the Soviet 
Union in both Earth orbital and planetary space science, although 
the Soviets have achieved spectacular results from their probes to 
Venus. . . 

In the field of space applications and military space missions, 
both countries utilize spacecraft for essentially the same purposes, 
but since the Soviet spacecraft generally have shorter lifetimes, 
they must be replaced more frequently, resulting in a significantly 
higher launch rate for the Soviet Union. For example, in 1983, the 
Soviets launched 27 photographic reconnaissance satellites alone 
(37 if the Kosmos satellites identified as having Earth resources 
missions are included), compared with two launched by the United 
States. The only military space system the Soviets have for which 
there is no U.S. counterpart is the nuclear-reactor powered radar 
ocean reconnaissance satellites. _ 

In both countries, it is extremely difficult to differentiate be- 
tween military and civilian space missions, since the data received 
from or transmitted via the satellite can serve both sectors. This is 
particularly true for communications and navigation satellites. 
Thus, it cannot be said with any certainty that one program is ori- 
ented more towards military goals than the other, since both have 
used space to support the military sector since the earliest days of 
the space program, and co.Atinue to do so. 
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Significant Activities in Soviet Unmanned Flight Programs: 

1981-83 



The main chapters of this text provide information on Soviet un- 
manned flight programs (space science, space ai}plications, and 
military space activities) for the period 1976-80 in conformance 
with the pattern of 5-year studies which CRS has prepared Xbr the 
Senate since the early 1960's. Since this edition of the 5-year 
update has taken additional time to complete following the 1981 
death of Dr. Charles S. Sheldon II, who had spearheaded prepara- 
tion of the earlier reports and was to have written this version, the 
authors decided to prepare the following supplementary chapter to 
bring the volume up to date through December 31, 1983. 

SPACE SCIENCE 

Space science was fairly active in both 1981 and 1983, but there 
were no space science missions launched in 1982. No spacecraft 
were sent either to Mars or the Moon, although four were sent to 
Venus. There were two observatory class satellite launches, and 
three smaller satellites. 

This section does not discuss several satellites which are some- 
times classified as scieiice: the launches of amateur radio satellites 
(Radio 3-8, launched on a single booster in 1981; Iskra 1 launched 
with the Meteor-Priroda satellite in 1981; and Iskra 2 and 3, de- 
ployed from Salyut 7 in 1982); ocean resources flights, which are 
discussed under applications; and the Kosmos 1514 biosatellite mis- 
sion which is discussed in Part 2 (Manned Space Programs and the 
Space Life Sciences) of this report. Table 1 summarizes unmanned 
Soviet space science flights from 1981 to 1983. 

TABLE 1.--S0VIET UNMANNED SPACE SCIENCE MISSIONS. 1981-83 ' 



Name 



Uundi (tale ^ ^jj^ '^^'J** Period (mm) Purpwc/commeflU 



interKosmos 21 Feb 6. 1981 520 4/5 74.0 94 5 Primarily ocean resources. 

Interkosmos 22 Aug /. 1981 906 825 81.2 101.9 Primarily M^mi) experiments to cele- 

{ Bulgaria brate the country's ISOOlti anniversary. 

1300) 

Aureole 3 (Arcad Sepl 21. 1981 1.920 380 82.6 108.2 Cooperative with France: ionospheric and 
3} magnetospheric studies. 
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TABLE 1.--S0VIET UNMANNED SPACE SCIENCE MISSIONS, 1981-83 ^-^ontinued 



Name Launch (tote ^ ^ mi m) Purpwe/cflmfMnls 



Vemra 13 Oct 30. i981 (•) (") (") (*) on Venus Mar. 1, 1982; retufned 

coior p()otograph$. pefformed soil analy* 
sh. 

(«) lanM on Vmus Mar. 5. 1982^ slmiiar to 
Venera 13. 
5.880.0 X riy and ultraviolet astronomy. 
(>) Entered m around Venus Oct. 10. 1983. 

Ra(tor niapf)in|. 
(«) Entered ortit arourKl Venus Oct. 14. 1983. 
Similar to Venera 15. 
3 38.448.0 Radio astronomy. 



Vemra U 


Nov. 4. 1981 


(») 


(•) 


(•) 


Astron 


Mar. 23, 1983 ... 


. 200,000 


2.000 


51.5 


Vefiera IS 


June. 2. 1983 


(•) 
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Planetary Missions 
venera 13 and 14 

Venera 13 was launched on October 30, 1981, and was followed 5 
days later, November 4, by the launch of Venera 14. Both were 
launched with the D-l-e booster into Earth orbit, and then sent 
into a planetary trajectory using an orbital platform. 

Enroute to the planet, both spacecraft conducted studies of 
gamma-ray bursts, and more than 20 bursts were registered using 
equipment developed by France and the Soviet Union, including 
more than 10 associated with solar flares. An Austrian magnetome- 
ter was used to study the interplanetary magnetic field as well. 

The Venera 13 lander arrived at Venus on March 1, 1982, uid 
proceeded to the surface, landing at 7'30' south latitude, 303' longi- 
tude, on the plains east of the Phoebus area. Scientific data were 
returned for 127 minutes, four times longer than planned.^ Venera 
14 landed on March 5 at 13' 15' south latitude, 310'9' longitude, and 
transmitted data for 57 minutes. The landing sites were chosen 
based on radar images from the U.S. Pioneer- Venus probe," and 
were assumed by Soviet and American scientists to be centers of 
volcanic activity on Venus. The buses did not enter orbit around 
Venus, but continued on a fly-by trajectory and entered heliocen- 
tric orbit. Experiments on the bus continued to operate after the 
landers had separated, and by June 1982 a total of 89 cosmic- 
gamma bursts and more than 300 solar flares had been recorded.^ 
The experiments were expected to continue operating to the end of 
1983 

The landers were different from previous Soviet Venera space- 
craft in that they could transmit color, rather than black and 



' Tass, 0740 CMT. Mar. 2, \9K2. 

* Aviation Wwk and Space Technology. Nov. 9. 1981, p. 
Kosmicheskiye Is.seldovaniya. vol 21. No. 3. May-June 19«:{. pp. 480-488. 

♦ Vienna. Volksstimme. July 19. 19«:l. p. :l. 
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white, pittums and witc equipped with soil sampling equipment.** 
I he eight panoramic views sent back to Earth by Venera 13 
showed the Venusian surface to be covered with sharp rocks, par- 
tially covered with fine dust, and sand. Large grey boulders were 
also observed. The Venera 14 spacecraft landed in a plain area, 
covered with sandstone. Initially, the Soviets stated that "the sur- 
face was brown, but later concluded that it was yellowish orange, 
with some green. The Venusian sky reflects the colors of the sur- 
face, and is primarily orange. 

Soil analysis was accomplished using a drill to obtain a sample 
which was then sucked inside the spacecraft by a vacuum cleaner- 
type device. Analysis was accomplished using an y ray fluorescent 
spectrometer contained in a special chamber which iraintained a 
pressure of mm Hg (l/2000th of that outside) and a ten^perature 
of C (compared to 457° C outside). 

Analysis showed that at the Venera l.'i site, the rock was leutitic 
basal* with a high potassium and magnesium content, which i.'^ 
rare on Earth, but found in the Mediterranean volcanic area. At 
the Venera M site, the rock corresponded to oceanic tholeitic ba- 
salts which are widespread on Earth. Scientists concluded from the 
absence of secondary changes in the soil that it was relatively 
young. 

The mechanical strength of the rocks was measured using a 
spring-powered rod, and it was found to be in the range 2.6-10 
daN/square centimeter at the Venera 13 site, and 65-250 daN/ 
square centimeter for the Venera 14 location (although the Soviets 
stated that there was a partial equipment failure on Venera U).^ 

The spacecraft also studied seismic activity using unilaxial seis- 
mometers which could measure only the vertical component of 
ground displacement Venera 13 recorded no seismic events, while 
two were recorded with Venera 14, but Soviet scientists felt that 
they could not preclude the possibility that they resulted from in- 
strument effects or wind, so stated only that the data were inad- 
equate to draw unambiguous conclusions about seismic activity at 
the sites. ^ 

The two landers also analyzed the Venusian atmosphere on their 
way to the surface using a mass spectrometer, gas chromatograph, 
optical spectrophotometer, a hydrometer, a nephelometer, and an x 
ray fluorescent spectrometer. Data showed the most ultraviolet ra- 
diation is absorbed at an altitude of 60 km, and Venus' clouds are 
mostly sulfur. Soviet scientists also detected xenon and a new iso- 
tope of neon in the atmosphere. 

VENERA 15 AND 16 

In 1!»S3, the Soviets launched another pair of Venus spacecraft, 
but these were significantly different from previous Venus 
probes— both are orbiters which carry side-looking radars for map- 
ping the surface of the planet. 



■'There h;ne been hinu that the Venera 11 and 12 imaRinK sy.stemH would have sent back 
color photographs if they hud worked 
* Kosmicheskiye I.wledovaniya, vol 21. No. ;t. May-June VMi. pp. 32:i-:«0 
' Ibid . pp. :).').")-.(«() 
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Venera was launched on June 2, 1983, and Venera 10 on June 
6 bv D-l-e launch vehicles. As with previous Venera spacecratt, 
studies of cosmic rays and charged particles were made en route to 
the planet. Venera 15 entered Venusian orbit on October lU, iy»(i, 
followed by Venera 16 on October 14. Orbital periods are approxi- 
mately 24 hours, and the orbits are highly inclined at 87 provid- 
ine coverage of the polar regions of the planet. Apogees are on the 
order of 65,000 km, Vnd perigees about 1,000 km. » The side-looking 
radars point 10' off nadir,'" and although their resolution is only 
1-2 kilometers at best,»» about the same as is achievable using 
Earth-based radars, the probes do provide data on regions ot the 
planet not seen from Earth. , • tr 

The spacecraft are based on the same design used since Venera 
9 but the radar is positioned in place of the landing probe. More 
fiel was required to put each spacecraft into polar orbit around 
Venus, so the fuel tanks were lengthened by more than 1 meter, 
and the solar panel array size was almost doubled to provide power 
for the radar. The radar, called Polyus-V, has an antenna 6 meters 
long and 1.4 meters across, and the cone of the launch vehicle had 
to be lengthened to accommodate the radar in its folded state. Im- 
provement in both the spacecraft transmitter and the receiving 
antennas on Earth are said to have increased the capacity of the 
Venus-Earth link 30 times, with a transmission rate of 100,000 
units of information per second. The radar was designed by the 
Moscow Power Engineering Institute. Initial data reception is made 
at the Long-Range Space-Communications Center, and then trans- 
mitted to the Institute of Radio Engineering and Electronics of the 
Soviet Academy of Sciences for processing and analysis. A special 
high speed processor was developed for these missions, and process- 
ing of one image takes 8 hours. ' r»«f„w 

The first radar images were received from Venera 15 on UctoDer 
16 and from Venera 16 on October 20, although orbital adjust- 
ments were made to each throughout their first month in orbit. 

An onboard radio altimeter can measure the height of the area 
with an accuracy of up to 50 meters.'* The radar has a 20-minute 
scanning period and views through three slits simultaneous y, with 
an area about 150 kilometers wide viewed through each slit; one 
slit faces directly ahead, and the others slightly to the left and 
right. •« Each image displays an area of 1 million square kilome- 

An infrared spectrometer-interferometer is also carried on eaCii 
spacecraft for obtaining atmospheric temperature profiles. Ihe in- 



« Pai2. B.J. Summary of Venera 15/16. Pasadena. CA. Viato Laboratory, 1984. p. 4. 

'oSofsialiaticheskayainduMriya, Oct. 21 1983,M^ 

' • Moscow Domestic Television Service. 1800 GMT. Oct. 19, 1983. 

"Ka^S^N'l'Sp'' 3' Another report .n Pravda on Feb. 26 1984 stated that it takes 
12 houra to sift throilgh the output of the two Veneras each day. with another 4 hours required 
for collating the radar data with the altimeter data. 

"MzveatJya. Oct. 21. 1983. p. 3. 

'»Trud, Oct. 20. 1983, p. 4. ^ 

«' Mo^ow"bome«tic TelevSion Service. 1800 GMT, Oct. 19, 1983. 
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strurnent was dt'veloped by the East German Academy of Sci- 
ences.*^ ^ 0 i 

Images from Venera 15 showed the region of the north T^ole of 
Venus to be similar to Tibet and the Himalayas. Photographs pub- 
lished in Aviation Week and Space Technology showed large- vol- 
.canic features, rolling terrain and band-link structures that could 
be jcanyons or ridges.*^ The Soviets plan to produce four maps of 
Venus ba'^ed on the Venera 15 and 1(5 data. 



On February 6, 1981, the Coviet Union launched Interkosmos 21 
carrying scientific equipment designed by Hungary, East Qermany, 
Romania, Czechoslovakia, and th^? Soviet Union. The satellite was 
placed in an orbit 520 by 475 km, with a period of 94.5 minutes and 
an inclination of 74^ 

The .«!atellite was designee^ to study the ocean and land masses 
while working in concert with land and sea based .data collection 
stations (located in Berlin^ Budapest, Moscow, tbre area around 
Moscow, Baku, Sebastopol, Vladivostok, and tW Indian Ocean). 
Among the scientific areas of investigation were: studying the po- 
tential of using satellites to locate areas of high marine bioproduc- 
tivity and pollution; studying the boundaries bef#teen land and 
water, water and ice, and snow cover; defining the optical thickness 
'^of the atmosphere in different spectral ranges; and obtaining data 
on thermodynamic temperatures of the ocean's surface. Equipment 
included the SGDD (experimental automatic system for gathering 
and disseminating scientific data); a multichannel spectrometer for 
measuring the absolute value of the brightness of ascending radi- 
ation flows in the spectral range 415-274 nm; a bipolar radiometer 
designed for measuring the atmospheric thermal intensity at 2.5 
cm; and a three-component magnetometer for measuring the 
Earth s magnetic field.^o 



To celebrate the 1300th anniversary of the founding of Bulgaria, 
the Soviet Union launched the 22d Interkosmos mission, called In- 
terkosmos-Bulgarid 1300. The satellite was launched on August 7, 
19S1, into a 90() by 825 kn^ orbit, inclined at 81.2° with a period of 
102 minutes. 

The main purpose of the satellite was ionospheric apd magnetos- 
pheric studies, and it worked in concert with the Meteor-Priroda 
satellite which had been launched by the Soviets on July 10, 1981 
(see chapter 4). In addition to Soviet experiments related to Earth 
resources sensing, the Meteor-Priroda spacecraft carried several 
Bulgarian-made experiments to provide data for use with those ' 
from Interkosmos-Bulgaria 1300, including: a multichannel spec- 
trometer operating in the visible and near infrared wavelengths; a 



"» li!vi'sti>-n. Oct 22. p :J 
Soviet Venus Probe Rt^veals Volcanoes. Aviation Week and Space Technology. Nov. 28, 

^"(X)SPAR Information Bulletin. No IM. August UWl. pp. 67-68. 
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single channel microwave radiometer; and a computer system for 
recording and preliminary processing of the data. 

The Interkosmos-Bulgaria satellite itself had four groups of in- 
strumentation, and of the 15 instruments carried, 12 were built in 
Bulgaria, One group included seven systems and instruments for 
studying electrons and ions in near^Earth spSce (measuring their 
concentration and temperature, and distribution according to 
energy and ion mass). A second group included a system for deter- 
mining permanent and Varying electric fields, and a highly sensi- 
tive magnetomfe^er. The third group contained an electrcrphotome- 
ter for determining weak emissions of light in the upper atmos- 
phere and a device for detecting and recording ultraviolet radi- 
ation/'^2 Finally, there was an angular laser reflector for geodetic 
studies using ground-based lasers at 14 locations around the world. 

Preliminary results from the program were published in the Sep- 
tember-^October 1983 issue of Kosmicheskiye Issledovaniya, Among 
the findings cited were the detection of small scale disturbances in 
the velocity of the ionospheric plasma at altitudes of about 900 km, 
where velocity was measured in excess of 4.5 kilometers per second; 
a marked longitudinal correlation between streams of charged par- 
ticles and the maxima recorded in the area of the Brazilian anoma- 
ly (detected through earlier studies from the Salyut 6 space sta- 
tion); and the conclusion that large scale longitudinal currents can 
exist at any level of geomagnetic activity, and have a two-layer 
configuration in the morning and evening sectors. 

AUREOLE 3 (ARCAD 3) 

The joint Soviet/French space mission Aureole 3 (Oreol 3 or 
Arcad 3) was launched on September 21, 1981, into an orbit 1^920 
by 390 km inclined at 82.6' with a period of 108.2 minutes. The 
spacecraft carried a total of 200 kg of scientific instruments, half 
Soviet and half French. This mission continued the program of sat- 
ellites begun with Aureole 1 (Arcad 1) in 1971, and discussions 
which led to the Aureole 3 launch began in 1974. ^rrr^c^ 

The spacecraft was based on the three-axis stabilized AUOS 
(automatic universal stations) design used for other Soviet scientific 
probes. In addition to 100 kg of experiments which were provided 
by the French, some of the satellite's service equipment (the infra- 
red hori/on sensor, an onboard computer, and a 136 megahertz tel- 
emetry system for transmitting data from the French experiments 
directly to France) was also built in France, a first for the Soviet 
space program. The onboard microcomputer, provided by the 
French, was used to coUecL data from all the instruments on the 
spacecraft and perform preliminary processing before transmission 
of the data to Earth. * 

Experiments were related to studies of charged particles, particu- 
larly electrons, ions, and thermal plasmas; studies of magnetic and 
electrical fields at very low frequencies and magnetic field fluctua- 
tions; and a photometric analysis of the aurora borealis.^'^ 



^' Pnivd.i. .Sept 2. V.ix:^. p 

>vTarimov. Kinll Joint R**.soarch. Izvesliya. Aug. 12. p. .) 
» Tas" <m'.n(,MTApr .i. 

Linm»rt«ux. Tiernv KrancoSovu't Arcad-:^ .VlaKnetosphere Kxpenments. Air & Cosmos, July 
1>. pp :'»•^'>4 
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AHTRON 

On March 23, 1983, the Soviet Union launched an observatory- 
class astronomical satellite into orbit. Called Astron» it was placed 
in a highly elliptical orbit with an apogee of 200,000 km and a peri- 
gee of 2,000 km, with a period of 98 hours and an inclination of 
51.5". The spacecraft is based on the design for the Venera 
probes, 2 s but in this case it carries instruments for X-ray and ul- 
traviolet studies of the universe. The orbit was selected so that or- 
bital perturbations that affect spacecraft in low Earth orbits would 
be reduced to enable the telescope to operate more efficiently. In 
addition, with a high apogee, measurements can be made outside 
the high energy radiation belts (Van Allen belts) Which encircle 
Earth. 2 7 

The ultraviolet telescope, called Spika, was developed at the Cri- 
mean Astrophysical Observatory with the participation of French 
scientists. It weighs 400 kg, is 4.2 meters long, and has a double re- 
flecting telescope based on Ritchey-Chretien optics (the main 
mirror has a diameter of 80 cm, the secondary mirror, 26 cm), with 
a focal length of 8 meters for the entire system.^® The area of the 
collecting surface was described as being one-third greater than 
that of the U.S. Copernicus space telescope.^® 

The spacecraft also carries a Roentgen telescope designed to 
study sources of X-ray radiation in the 2-25 kiloelectronvolt range. 
Called SKR-02, the telescope has a collecting area of 0,2 square 
meters, and 10 spectral channels.^^ 

The chief object of study is the Taurus constellation which in- 
cludes two dispersed stellar concentrations and a crablike nebula 
with a pulsar. Other celestial objects have also been studied, in- 
cluding the star Kappa in the constellation Cancer which Soviet 
scientists discovered had one hundred times as much lead as 
Earths Sun.^* By September 1983, radiation haa been recorded 
from 50 stars and 15 galaxies, and observations were continuing 
at the end of li)83. 

Reference has also been made to the fact that Astron can aid in 
the search for extraterrestrial intelligence. V.G. Kurt, chief of ul- 
traviolet and X-ray astronomy at the Institute of Space Studies, 
tjtated in an interview with Trud that the telescope could intercept 
signals from '^hitherto unknown worlds. Who knows, these could be 
calls from extraterrestrial civilizations, with whom our acquaint- 
ance will begin with the information that we receive froia 
* Astron' ^^•'^•'^ 



•f^ Uvf^tiya. Apr iSmM. p 'J 
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-"TA.SS. (;MT. Mar 2X. VAK\ Pravda Ukrainy. Apr \\)Kl p. 4.; Zerplya i Vselannaya. 
July Au^;uMt p 2 

fVavda. Apr V^x'.\, p '.^ ('op<»rnjcuH U)A() 2^ wa.s launched in \\n2 and operutt»d until 
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.SoLsialislicheskay.i industriya. Aur "i. p \ / 
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l»U()GNOZ 9 

The ninth Prognoz satellite was launched on July 1, 1983, into a 
highly elliptical orbit with an apogee of 720,000 km, well past the 
orbit of the Moon. The satellite has a perigee of 380 km, a period of 
2H.7 days, and is inclined at 65.8*. Equipment from the Soviet 
Union, Czechoslovakia, and France is aboard the spacecraft, and it 
is designed to study the universe at radio wavelengths, although X- 
ray and gamma ray studies are also being conducted. 

Prognoz 9 is dedicated to gathering information on the structure 
and evolution of the universe. The radio telescope onboard the sat- 
ellite has two antennas which operate at 8 mm. One is a horn an- 
tenna oriented along the satellite's axis of rotation and receives ra- 
diation from the direction away from the Sun; the other is oriented 
perpendicularly to the first. The satellite revolves around an axis 
directed toward the Sun with a period of 2 minutes. During one ro- 
tation, 72 sections of the celestial sphere can be surveyed, each 
with an angular dimension of 5'. Mapping of one **ring" of the ce- 
lestial sphere takes 1 week, after which the satellite axis is tilted 7"" 
and the next ring is mapped. A map of tne entire sphere can thus 
be made in <) months. The sensitivity of the radio telescope has 
been described as ten-thousandths of a degreo of arc.^^ Results 
from the satellite s observations were not available by the end of 

SPACE APPLICATIONS 
""communications 

the molniya and orbita systems 

Molniya 1 and Molniya 3 satellites continued to be launched 
throuKh the end of 1983. 

Table 2 lists the launches within the various groups. Figures in 
parentheses indicate which earlier satellite was being replaced by 
the new launch. It can be seen that, with two exceptions, launches 
have been successful. The two mission failures were given the 
Kosmos label: Kosmos 1305 was intended to replace Molniya 3/12 
but, due to an undorburn of the e-stage, entered an orbit with a 
period of only 264 minutes, and was replaced by Molniya 3/17 o() 
days later; Kosmos 1423, intended to replace Molniya 1/48, ex- 
ploded when the e-stage was fi^ed m an attempt to achieve the 
highly elliptical orbit. It waj nearly another year before Molniya 
1/4S was finally replaced by Molinya 1/59. All but 5 of the 22 
laufi^hes from 1981-15)83 originated from Plesetsk. After an inter- 
val of 4V2 years when no launches in this series came from Tyura- 
tam» it was used for the launch of Kosmos 1423, and Molniyas 1/52, 
l/of), 1/57, and 1/58, and these are denoted by a T in table 2. 
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lASlE 2 • KIPIACEMLNT SEQUENCE OF MOLNIYA SATELLITES. 1981-83 



(kw A B C 0 ' (A) 

1/45 1/41 1/39 1/44 1/46 ' 1/42 1/47 1/48 

3/13 3/10 3/11 3/12 



1981 • '^''^''^ 
1/49(41) 

3/15(li) 

3/16(14) 

- * 1/50(42) 

K.I30i(12) 

3/17(12) 

1/51(39) 

1/52(45)1 

19« I/M(47) 

3/18(15) 

1/54(44) 

1/55(46)1 

3/19(13) 

K.1423(48)T 

3/20(17) 

i/5;(5?)i 

1/58(49)1 
3/21 (new) 

1983 1/59(48 & 

R.1423) 

3/22(16) 

Notn 

1 Figure ibovt the It the iMJd of ttw indKate ttie opefitiondi statui » of Dec. 31, 1980. 

2 fffwes jfl p*rwfhes« mtate ^Kh earhr sileftli w« tmi repUMd by tfn new Uuncft. 

3 figures prece«ded by K mdKaie itie itosfflos desiinjtnn of i fftw msm. * 

4 T rndates i Tyuratsm launch M othtt twflcfm were from Plesetsk. 

5 &OUPS A. B. C. Md D tfe Mpyatid by 90* in right aacensMn o( the asoendmi node. 

6 Mointyi 3/2t is (Mberatety drspUc«d (ue tut). ' 

The established pattern was maintained of having pairs of Mol- 
niya 1 and 3 satellites in groups A through D, with orbital planes 
separated by 90* and then four additional Molniya I's placed 
midway between these pairs. However, Molniya 3/21 was placed 
between groups A and B, but only 40' out of plane with the group 
A satellites. Thus it did not form an intergroup pair with Molniya 
1/58. To date it is the only Molniya 3 not to have been placed in 
one of the four main groups. The 40* plane-spacing is reminiscent 
of the Kosmos early warning satellites and might signify the initi- 
ation of the expansion of the Molniya 3 system into a constellation 
of nine at 40' plane-spacing. On the other hand, Molniya 3/22, 
placed in group C, 140' out of plane with Molniya 3/21, does not 
lend support to such a hypothesis and Molniya 3/21 may prove to 
be an *'on orbit spare** or it could have performed a fill-m role for 
the tjap created by the Kosmos 1423 explosion. Its ground trace was 
partially stabilized after 6 days but not finalized until the 22d day 
of the mission. Johnson suggests that it was placed in the ''empty ' 
Molniya 1/48 position,^® but this takes no account of the initial 40' 
offset, rather than the desired 45' midway spacing. 

The Soviets experienced some difficulty in stabilizing the ground 
tracks of several of these satellites. Two opportunities were missed 
before the ground track of Molniya 1/49 was stabilized. The ground 
track of Molniya 3/19 was not stabilized at the first opportunity 
and was finally nudged into the correct position by a series of 
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burns at 2- or H-day Intervals some 3 weeks later. The Molniya 1/59 
ground track was not stabilized until the 17th day of the mission, 
its very low initial period of 702 minutes and Plesetsk launch caus- 
ing the ground track to drift the "wrong" way. It has been reported 
that Molniya 3/19 carried a new SHF transponder and that, in the 
future, Molniya satellites may carry the Volna transponders for 
maritime and other mobile users. 

According to Valeriy Dudkin, head of the television department 
of the Ministry of Communications, the construction of receiving 
stations of the Orbita type for purely television purposes has been 
virtually stopped. Since the stations of the Ekran and Moskva sys- 
tems cost less than the Orbita stations and are more widely spread 
they ensure reception of the first channel of Central Television 
while the Orbita stations in these zones are used for telecasting a 
second channel. All in all, one Molniya 3 and five satellites in geo- 
synchronous orbits— Ekran, Raduga, and Gorizont— are used for 
television broadcasting in the Soviet Union. 

THK SYNCHRONOUS COMMUNICATIONS SATELLITES 

The use of communications satellites in geosynchronous orbits 
has increased steadily over the past 3 years. The six launches in 
1982 and again in 1983 set and maintained a new annual launch 
record 

Kosmos 1366 was described in the launch announcement as being 
a new experimental communications satellite to test superhigh fre- 
quency. SHF, equipment. 

With the exceptions of Ekran 8 and Ekran 10, which were given 
Statsionar-T designations, Statsionar locations have not been speci- 
fied in TASS launch announcements since the end of 1981. 

One cannot be certain that the placing of a new satellite close to 
another already in geosynchronous orbit is an indication of the fail- 
ure, or imminent failure, of the earlier payload. The use of ''on- 
orbit spares" to ensure continuity of service is a common practice 
in the satellite communications industry. A more definite pointer 
to the end of the useful life of such a satellite is its removal from 
the geosynchronous orbit to prevent the increasing overcrowding of 
that unique orbit. 

During 1981, Raduga 3 and Raduga 4 were maneuvered into ec- 
centric orbits. r„ , . . 

On March 27, 1983, it was reported that Indian Television has 
started broadcasting its program via the Soviet satellite Statsionar 
6 [sic] instead of Intelsat 5.^0 The change was effected 2 days earli- 
er following the leasing of a transponder on the Soviet satellite for 
a period of 10 months after the Intelsat authorities expressed an 
inability to continue to provide the facility. The arrangement was 
obviously made to ensure the continuation of the service to areas 
remote from ground-based television transmitters until the arrival 
of the dedicated Indian communications satellite, Insat IB, which 
was launched from Challenger on the STS-8 mission on August 31. 
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On the following' day, a Tass dispatch from New Delhi made po- 
litical capital out of the situation and accused the United States of 
"depriving other countries of space means of communication'* and 
attempting to *'hold the Indian scientists, who controlled Insat lA, 
responsible for the cessation of its work." The Press Asia Associa- 
tion, which was citud as the source of the allegations, was said to 
have claimed that Insat lA, ''for which a large sum of money was 
paid, had a whole number of defects." The dispatch ended by re- 
porting representatives of Indian Television as saying that the 
quality of the signals transmitted by the Soviet satellite was *'to 
their full satisfaction." ^» 

The satellite in the Statsionar 6 location, above the Equator at 
90' E, at that time was Gorizont 6 which was joined, or replaced, 
by Gorizont 8 later in the year. 

Table lists the geosynchronous launches for 1981 through 1983 
together with Statsionar locations, where announced. 

TABLE 3.-S0V1ET GEOSYNCHRONOUS LAUNCHES, 1981-83 



1981 

} Raduga 8 (S 2} 

ftaduga 9 (S 2) 
Raduga 10 (S 3} 

198? 

hm 8 (S I) ftaduga 11 Gomont 5 

Ekran 9 Goriwnt 6 

1983 

Ekran 10 (S I) Raduga 12 Gorizont 7 

Ekran 11 ftaduga 13 Gorizont 8 



INTERNATIONAL LINKS 

Intersputnik 

At the 12th session of Intersputnik in Tashken, in October J983, 
the Bulgarian chairman of the Intersputnik Council stressed that 
the cooperation and international contacts of the organization were 
continually expanding. He went on to say that, in 'the next few 
years, it was planned to build new ground stations in Yemen, 
Syria, Kampuchea, Nicaragua, Grenada, and other countries. Zu- 
barev. Deputy Minister of Communications of the U.S.S.R, was 
elected as the new chairman of the council.^ ^ Later events in Gre- 
nada may well have caused a revision of part of these plans. 

Inmarsat 

Inmarsat operations commenced on February 1982, when the Op- 
erations Control Center at its London headquarters assumed the 
network coordination functions previously performed in Washing- 
ton, DC by Comsat General Corp. Maintenance and control of 
space-based hardware remain the responsibility of the respective 
spacecraft owners. 



♦"Tass in EnKlish. 1:^-47 (;MT. Mar 2H. 

Moscow Home Service, GMT. Oct mil 
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The first transmisHions of information to merchant ships was 
successfully carried out in Vladivostok in 19S2*^ The dedicated 
CES (Coast-Earth Station) near the Black Sea port of Odessd com- 
menced operation on December 30, 1983.*^ It was said to be able to 
simultaneously receive and transmit information from all ships 
sailing in the Indian and Atlantic Oceans. 

Although the second such station, at Nakhodka in the far east- 



end of 1982, the report stated that it was "stillbeing built. 

To date, no Soviet satellite has been added to the system al- 
though overtures have been made to have satellites launched by 
the D-1 Proton-class booster. 

In 1983, Yuri Atserov, president of Morsviasputnik, assumed the 
1-year appointment of chairman of the Inmarsat CJouncil, having 
formerly served as vice chairman.*" 



Kospas equipment was installed on the Kosmos 1383 and Kosmos 
1447 navigation satellites which took identitv numbers 11 and 13 
respectively in the civil Navsat system and which therefore operate 
in orbital planes separated by 90 . „ „ . 

During the first few weeks of its operation, Kosmos 1383 was in- 
volved in rescue operations on at least six occasions, quickly vali- 
dating the search and rescue principle. On September 10, 1982, it 
was instrumental in locating a light aircraft that had crashed m 
Britib.i Columbia on the previous day.*^ 

The United States installed its first Sarsat equipment onboard 
NOAA 8, launched on March 28, 1983. By the close of 1983 these 
three satellites had been instrumental in saving 63 lives in acci- 

The system has been troubled by more than its fair share of false 
alarms. In 1983, it was instrumental in locating a radio distress 
beacon that had been stolen from the Shell Leman Echo gas plat- 
form in the North Sea between May 13 and 19. For some reason or 
other it began transmitting on June 15 and was received and locat- 
ed by the Kospas-Sarsat system. After a major land and sea search 
it was discovered on top of a wardrobe in a spare bedroom of a 
house near Glasgow, Scotland. As a result of legal action, the occu- 
pier of the house was convicted, at Ipswich Crown Court, of steal- 
ing the beacon, fined 500 pounds and ordered to pay costs and com- 
pensation totaling 1,599 pounds.*® 



Details of an Eastern Satellite Data Relay Network [ESDRN] 
lodged with the International Frequency Registration Board in 



Mo«cow in Knglwh for North America. 2200 GMT. Aug. 26. 1982. 

Taw in English. 1205 GMT. Dec. SO. 1983. 

Idem 

Soviet Weekly (London), July 30. 1983. 

Aerospace Daily, vol. 117, Sept. 17. 1982, pp. 94-95. 

Wilkinson, J. High Life (Headwav. London). February 1984» p. 77. 

Daily Telegraph (London). Mar. 6 and 9, 1984. 
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1981 show that the Soviets intend to operate a system employing 
frequencies of 10.82, 11.32, 13.7, and 13,52 GHz for downlink and 
14.62 and 15.05 GHz for uplink (similar to the American TDRFS) 
for communicating with Salyut stations and other spacecraft oper- 
ating in low Earth orbit. The date for the commencement of oper- 
ation was given as ''no sooner than December 1985." Figure 1, pre- 
pared by Sven Grahn, is an interpretation of the IFRB information. 



Special Section No. SPA-AA/a43/1484 annexed to IFRB Circular No. 1484, Sept. 1, 1981. 
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SORS 

SOVIET SATELLITE DATA RELAY SYSTEM 



^^ORWARO LINK » 
RETURN LINK — — — ^ 

Figure I. —The propoeed Satellite Data Relay Network as interpreted by S^eii Grahn, 
based on information lodged with the International Frequency i^egiatration Board. 
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It may well be that the experimental SHF Kosmos 1366 is a de- 
velopment flight related to this proposed system and that the mys- 
terious Kosmos 1426 and Xosmos 1516 satellites, from which the 
Kettering Group failed to detect transmissions, were operating 
with Kosmos 1366 in a TDRSS-type mode. Kosmos 1426 Hew in an 
orbit very similar to that of a Salyut space station and, indeed, 
came very clos^ to a rendezvous with Salyut 7 at the beginning of 
1983 and would have been well suited to simulating a Salyut mis- 
sion. During the flight of Kosmos 1516 at the end of 1983, Kosmos 
1366 was stationed at 80* from where it could have relayed data 
from Kosmos 1516 while it was over America. 

Meteorology 

In the period 1981 through 1983 the Soviet Union has continual- 
ly maintained two or three Meteor-2 satellites in operation at any 
one time. Automatic picture transmissions [APT] in the 137 MHz 
band are not continuous, being switched off when the satellite is 
over that part of the Earth's surface which is in shadow. Periodi- 
cally, when this applies to the whole of the Soviet Union, the trans- 
missions are turned off completely until the orbit precesses to a 
more favorable position. The turning off and resumption of work is 
routinely reported in the FANAS messages. 

Meteor-2 8, launched on March 25^ 1982, signalled a departure 
from the standard 850 km circular orbit at 81. 2' inclination used 
for Meteor-2 1 through 7. Launched by what is presumed to be the 
new F-2 vehicle, it flew at 950 km with an 82.5' inclination. The 
hypothesis that this marked the transition for all future Meteor-2 
launches suffered a severe blow when the ninth Meteor-2 launched 
on December 14, 1982, exhibited the former orbital parameters, as 
did Meteor-2 10, launched on October 28, 1983. Meteor-2 9 had a 
short operational life. No transmissions from it were received by 
the Kettering Group after mid- 1983 and FANS messages for it were 
no longer transmitted. At the end of 198^, the 7th, 8th, and 10th 
Meteor-2's were all operational. 

Meteor 31, placed into a Sun-synchronou^,..ofbit from Tyuratam 
on July 10, 1981, transmitted APT at four hnes per second and car- 
ried the .small Iskro (Spark) satellite pickaback. Johnson speculated 
that it could be a replacement for Meteor 30 but thAt was not 
the case. Both Meteor 30 and Meteor 31 were still transmitting at 
the end of 1983 and Meteor 30 transmissions were received more 
frequently by the Kettering Group than those from Meteor 31. 
Transmi.Hsion frequencies of these satellites have gradually shifted 
over recent months from the initial 137.15 MHz to a current 137.10 
MHz although FANAS messages for Meteor 30 still give the former 
frequency. No FANAS messages for Meteor 31 have been received 
since March 4, 1983, so it may no longer be regarded as fully oper- 
ational.*'^* 



■•"Johnson. N L Thr Sovjfi Year m .Space IDSl TeU'dynt* Brown Engineering, p \H 
Thf first K/\.NAS for Mfleor 'M was received by the KetU»ring Group on Feb. 24. 
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Navi(;ation 

Kosmos satellites for navigation continued to be launched at 
varying intervals. Five were launched during 1981, .eight in 1982 
and seven in 1983. Of these, one only in 1981 and two in each of 
the other years were replacements for satellites in the civil system 
with a constellation of four satellites at 45' orbital plane spacing, 
confirming an impression of generally increased longevity and the 
possibility of a lower order of priority and/or precision for these by 
comparison with the constellation of six at 30' plane spacmg be- 
lieved to have a military role. Tables 4 and 5 give details of these 
satellites and those they have replaced by identity number within 
each category. 

TABLt 4.^MILITARY NAVIGATION SATELLITES 



WenMy No.- 

\ 2 3 4 .5 



m K1104 K12?5 KllSO K.1153 K.U81 K.1141 

Kl?44 

» K.12/5 

.. K.1295 

K.1308 

198? K 1333 

K1344 

K.1349 

^K 1380 

. K.1386 

K.14U 

PkJ . ' ' . K.1328 - 

K1448 

K.1459... 

K.U64. 

K.1513 



' Kosmos 1 180 decayed after only 9 days m Of1>l 



TABLE 5. -CIVIL NAVIGATION SATELLITES 

l()entity Ho 



1981 K1168 K 926 K 12?6 • K109? 

' K 1304 

198: • • '^'^-'^ 

•■ K 1383 

K1506 

' WJnrtetKl oil vlJIKjn liA lo 'WfPi VWii P««l 

' unmo^ !38i ind KOTmos Mil *» U"iM Msws «aici ami lexue equipmenl 

Kosmos 127;') fragmented after 50 days in orbit— a unique occur- 
ri'ncf for a navigation satellite. It is difficult to account for the 
fragmentation in view of the fact that models of Kosmos jJSl, 
Kosmos lOOO and Kospas displayed in public at the Paris Air Show 
no . ign of a propulsion or an orbit correction system which might 
have beeti the cause. Johnson pinpoints the time of fragnientation 
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as 2851 GMT on July 24, 1981, and does not exclude the possibility 
of the fragmentation being due to a collision with another object. 

Kosmos 1304 apparently suffered from an underburn of the final 
stage and entered an oibit with a period of 104 minutes rather 
than the intended 105 minutes. As a result of the differing rates of 
precession of the ascending node, the plane spacing of the civil 
system steadily degraded until Kosmos 1304 was replaced as No. 12 
in 19S3 by Kosmos 150G. This restored the 45^ plane spacing. The 
delay in replacing Kosmos 1304, which was electronically satisfac- 
tory, is a further indication of the lower priority attached to the 
civil system. 

Another, far more serious, final stage underburn resulted in 
Kosmos 1380 being placed in a 93.1-minute orbit with a 140 km 
perigee from which it decayed naturally after 9 days. It was quick- 
ly replaced by Kosmos 1386 as a replacement for the aged Kosmos 
1225. 

Between these two launches came Kosmos 1383, the first satellite 
to carry Kospa: search and rescue equipment. It was joined in 1983 
by Kosmos 1447, also with Kospa: equipment, and the American 
NOAA 8 satellite which carried Sarsat equipment. 

Kosmos 1506 ceased operating around December 14, 1983, and 
the civil system was temporarily reduced to only three satellites. 
Ilowever, by February 15, 1984, it was once again operational. 

Following its replacement by Kosmos 1428, Kosmos 1333 took on 
identity No. 7 and has retained this even following the replacement 
of Kosmos 1428 early in 1984. Identity No. 8 has not been reallo- 
cated to any replaced satellite since Kosmos 1181, which ceased op- 
erating in mid-1983.®^ It may be that the practice of reallocating 
identities is being discontinued. 

The first of the GLONASS test vehicles appeared as a surprising 
triple D-l~e launch at 51.6' with a plane change to 64.8". Kosmos 
1413, 1414, and 1415 were not spaced at 120** around the orbit as 
with the American GPS Navstar test satellites, but drifted slowly 
apart from a common injection point. However, Kosmos 1414 did 
appear to make a small inorbit maneuver suggesting some propul- 
sion capability 

The second launch in the series, on August 10, 1983, placed 
Kosmos 1490, 1491, and 1492 into the same orbital plane as the 
first three satellites, but the third launch, on December 29, 1983, 
put Kosmos 1519, 1520, and 1521 into a plane separated by 120'' 
from the first six. In all cases the final orbits fell short of the com- 
pletely semisynchronous 717.7 minutes and this is now felt to have 
been intentional rather than a systematic failure to achieve a de- 
sired set of orbital parameters. Any inorbit maneuvers have been 
small and it can be presumed that the system is still in the devel- 
opment and testing stages. 

Eakth and Ocean Resources 

Interkosmos 21, launched by a C-vehicle from Plesetsk into a 
y4.5-minute orbit with a 74'' inclination, on February 6, 1981, car- 



^•^ Johnson, op cit . pp it)-17 

''^ Daly. P lJnivt»r.*ity of I^e^s PnvoU? communication. 
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ried instrunientation produced by Czechoslovakia, the German 
Democratic Republic, Hungary, -Romania, and the Soviet Union. 
The announced mission was the conduct of oceanographic and 
remote sensing experiments. ■ 

The JUst Meteor, in a Sun-synchronous orbit, like its predecessor, 
carried some 600 kg of remote sensing equipment. High-resolution, 
electronically scanned and medium-resolution, mechanically 
scanned instrumen a transmitted on the standard 465 MHz down- 
link but a special GHz downlink was added for the wider range 
"Fragment" eight-fchannel, multispectral system. Greater detail 
will be found in chapter 4 of this study. j • u ^ 

Aside from the recoverable Kosmos missions described in chapter 
f), there were no specifically dedicated Earth resources missions 
launched during 1982. 

Kosmos 1484, launched on July 24, 1983, in the Sun-synchronous 
orbit characteristic of the Meteor-Priroda satellites, was announced 
as having an Earth resources mission. This announcement, coupled 
with the interception of its transmissions in Sweden, dispel any 
suspicion of it being a failure in the Meteor-Priroda series. 

Kosmos 1500, placed into a 97.8-minute, 82.5' inclination orbiL, 
was announced as performing a similar mission to the earlier 
Kosmos 1076 to investigate sea, ice, and wind conditions. It was im- 
mediately effective in providing imagery which enabled the freeing 
of Soviet merchant ships trapped by a sudden freeze in the ice in 
the eastern sector of the Arctic Ocean." Although it was reported 
that the orbit would be "corrected to monitor the ice situation in 
the western sector of the Arctic," implying some propulsion ca- 
pability, no such maneuver was detected. 

It was subsequently announced that Kosmos 1500 was equipped 
with side-looking radar which had been installed for the first time 
on an oceanographic satellite.''^ The equipment, which had been 
developed by Ukrainian scientists, was said to "ensure high-quahty 
photography at any time of the day and in any weather, a state- 
ment having implications for the consideration of military imaging 
systems discussed in chapter 5. 

Geodesy and Mapping 

Table MS) classifies spacecraft whose orbits have periods greater 
than those of similar navigation satellites as possii le geodetic mis- 
sions. That table also includes the F-2 launched Kosmos 1045 at 
82.0° with an orbital period of 120 minutes because its orbital ele- 
ments were closer to those of the geodetic class of payload than any 
other and, for that reason, perhaps Kosmos 1312 and Kosmos 1410, 
launched in I'.Wl and 19H2 respectively, together with Kosmos 1510 
launoh(-d in VM] with the unusual 7a.6' inclination, all with peri- 
ods close to IIB min, should also be considered as possible candi- 
dates for such a mission. _ . , . i. 

All nights of recoverable satellites in the special subset pre- 
sunu-d to carry out mapping missions were launched by the F-2 ve- 
hicle into orbits with inclination and transmitted simple f.s.k. 



••• Moscow Wi.rUi S^Twa- iti Kn^jlish. li^m (l.MT. ,N'.)V in. U)K:t 
•••• tl.id 

^"T;«.-<Mn Kn>;li.-h. 1 l.iti (l.MT. .Jan 
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beacons on 19.95)4 MHz. These were Kosmos 1239 and Kosmos 1309 
in 1981 and Kosmos 1332 and 1398 in 1982. TL recovery beacons 
were received by the Kettering Group . from the last three of these 
missions. For consistency, details of these satellites are given in 
table 6 d. There were no flights in this category during 1983. 

TABLE 6.-~MILITARY PHOTOGRAPHIC RECOVERABLE MISSIONS 

) High resoiuton. maneuwiM. A-? UuncM. Smpie I s h tflf»miss<on$ on 19.989 m. 



Mi" 



Tywatim 

70.0' 



Hlestetsk 



1981 



1982 



1983 



1329(14)F 



1446(14) 



70.3770.4' 


72.8V72.9* 


1268(14)F 


1262(14) 


1279(14)F 


1265(12)F 


1313(14)F 


1297(12) 


1316(14)F 


1368(13)F 


1334(14) 


1416(14)F 


1342(14) 


• 1419(14)F 


1343(14)F 


1421(14] 


1396(14)F 




1411(14) 




1422(14) 


Hj8(11] 


1469(10) 




1509(14) 



Notes 



I Kosmos launc^es suMtvided by IjunrJ) ate and inclinalw The Kosmos numbef is folioiwd by the ffighl duration m days in pafenlheses 
? The letter f indicates ttiat a JF recot^fy t}eacon was observed by the Kettering Group. 



b Medium resotulion (^) A-? launched. man<wvefing to a liigher. near circular orbit toward the end of the first day in orbit Simpte f sk 

transmissions on 19.989 MH; 



Tyuratam 



700* 



1981 



198? 



1 98 J 



1425(14) 



I48?(U) ER 



Notes 



70.3 V70 4' 



FVsetsk 

728772.9" 



1259(14)F 


1237(14) 


1264(14)F 


1245(14) 


1272(14) 


1281(14)F 


1277(14) 


1307(14)F 


1352(14) 


1338(14) 


1372(14)F 


1404(14)F 


1381(13)F 




1403(14)f 




1460(14)F 


1444(14) 




1449(15) 




1467(12) 




1485(14)F 




1493(14) 




1497(14) 




1499(14) 




1505(14) 




1512(14) 



(F-2 launched) 
82 3' 



1283(14)F ER 
1284(14)F£R 



1385(14) P 



1472(14)f ER 



1 KovTic. '^urc^-es -^Mfvided t;y launch vte and mciinatwn The KOsmos number is foltowwJ by Ihe fiigtil duration m days m wwlheses 
? r*>e enei f 'ndKi»es I^af a TF recowry beacon was observed by the Keltermg Group 

i M,a«^ jnnouncM Qi^r^wmmR Ut\h lesourcei m»««fls are rntfcated by the letters iR. ot ? \\ announced as reoorlinfl to the Priroda 

t * «.ubset of thf f ? launched tt.ghl$ also maneuvers to a higher, near circiHaf ofbct toward the end ol the Iwst day and are shown m the 
final column 'w convenience 
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c Fowlfi stMritm wrtti sol* pi«H H»|fi fWoMiOfl. A-2 iMflcM. Np tfwtwiw tmwtfy Asowfid. 



TyuntJfn 



64.9' 



70.3' 



Ptnttsk 



67.2' 



1981. 



1982.. 



1983.. 



1240(28) 
1246(23) 
1270(30) 
1282(30) 
1298(42) 
1370(44) 
1377(44) 
1399(43) 
1424(43) 
1466(41) 
1489(44) 
1504(53) 
1516(44) 



1330(31) 



1386(27) 
1347(50) 



1439(16) 
1457(43) 



1248(30) 
1274(30) 
1296(31) 
1318(31) 

1350(31) 
1334(30) 
1407(31) 

1442(45) 
1454(30) 
1471(30) 
1511(44) 



1 Kosmcs liunch« suixJiwled by Uunch site *nd inclination The Kwmos numbw is followed by the fiight duration in days inPff«!tef- 
? S w VhF umiSSoSimn &ed from Kosnw 1516. its ortntH pawmetert ind fli«hl duralw ugfest that it bdongs tn tNj. 



d PoMJtte F-2 Uunchei Simple f.s.k. transmissions on 19.989 MHZ. Ptesetsk launches at 82.3'. 



Hith resolution 



Medium resolution (?) 



Medium and geodesy 



1981. 



1982.. 



1273(13) P 
1276(13)KER 
1280(14) P 
1301(14)FER 
1314(13)KP 
1353(13)KP 
1369(14)FER 
1376(14)FP 



1983. 



P 

ER 

P 

ER 



1387(13) 
1401(14) 
1406(13) 
1440(14) 
1451(14) 
1458(13) P 
1462(14) P 
1468(U)F P 
1483(14)FER 
1487(14)F P 
1495(13)KER 
1498(14) ER 



Notes: 



1283(14)FtR 
1284(14)FER 



1385(14) ER 



U72(14)FER 



1239(12) 
1309(13)1 



1332(13)L 
1398(10)L 



2 n>e jTwJiwn resokjtcn (') tlights have also been mckided m table 6(bK 

flg and Modesy fliiSts of 1981 and 1982 transmitted on 19 S94 MHz. . ^ 

kitefs F K and I indicate ihat a Tf. TK. or TL rtcowy beacon was obsetved by the Kettefing Group. 



5 fhgfc ann^rlced as risoices m«5«tt ire ^ted by tf« letters CR. or P « announced as reporting to the Pritoia 

(Nature) Wer 



MILITARY MISSIONS 



Recoverable Photographic Reconnaissance Flights 

As can be seen from figure 58, recoverable payloads continue to 
account for nearly 50 percent of all Kosmos launches. 

Details of these launches are given in table 6 a through d. Sever- 
al trends can be readily identified, the most significant possibly 
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being the increased employment of the fourth generation long-du- 
ration missions which provide almost continuous coverage all year. 
It has been reported that the Soviet Unioi^ has an advanced image- 
ry reconnaissance spacecraft using digital image transmission 
rather than film-return capsules and this ^might refer to this class 
of payload.'^'' This is discussed more fully in chapter 5 

Four of the high-resolution, marieuverable, A-2 launched mis- 
sions were flown in 1983. Many more of the high-perigee missions 
were flown including four at the F~2 inclination of 82.3^ All of 
these were designated as Earth resources missions as was Kosmos 
1482 from Tyuratam at 70.0', In fact, the F-2 launches at 82.3' pro- 
duced the second largest number of satellites at a given inclination 
during 1983; 10 compared with 11 at 72.9". 

No particular targets were immediately obvious for the 1981 
flights, but the Falklands conflict gave rise to spwulation that 
Kosmos launches during April and May of 1982 were all Falklands 
related.^® In the case of the photographic recoverable satellites this 
was certainly not so. Part of the cause for the misunderstanding 
was a failure to identify different types of missions when in posses- 
sion of the announced initial orbital parameters only. Thus Kosmos 
1347, Kosmos 1352, and Kosmos 1368, all with inclinations of 70.4% 
appeared at first sight to be identical missions. However, lack of 
short-wave telemetry, even before the 50-day duration became ap- 
parent, revealed Kosmos 1347 to be a fourth generation spacecraft. 
Kosmos 1352 raised its perigee towards the end of the first day in 
orbit and falls w'thin the "medium resolution (?)" category and 
only Kosmos 1368 was the older close-look high resolution space- 
craft. 

Johnson pointed out that poor weather in the South Atlantic 
made photographic observations improbable and that the Argen- 
tines, who were purportedly in receipt of Soviet intelligence, held 
the islands until the last days of the conflict. Furthermore, no peri- 
gees were located in the southern hemisphere and no steps were 
taken to provide stabilized ground-tracks over the islands. 

However, Johnson did draw attention to possible coverage of the 
Israeli incursion into Lebanon on June 6, the flare up of hostilities 
on the Iranian-Iraqi front in November, and passes over the land- 
ing sites of STS-1 at Edwards AFB, CA, and STS-3 at White Sands, 
NM, although in the latter cases it is difficult to visualize the value 
of imagery obtained before the landing.^ ^ 

Pairs of mapping and geodesy missions were flown only in 1981 
and 1982 and were at 82.3* as reported earlier. 

Radar Ocean Reconnaissance (RORSAT's) 

Kosmos 1249, launched on March 5, 1981, was placed into an oi 
bital plane at the usual separation from the EORSAT pair, Kosmos . 
1167 and Kosmos 1220. It fnrmed with Kosmos 1266, launched on 
April 21, the first pair of r uclear-powered satellites since Kosmos 



Aviation Week and Space Technology. Nov. 2. 1981. p. 48. 

Halloran. R New York Times. May 5. 1982. 

Aviation Week and Space Technology. May 31, 1982. p. 20. 
«^ Johnson. N L The Soviet Year in Space: 1982. Teledyne Brown Engineering, p. 8. 
•» Ibid . pp. 8-9 
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\i'>2 and Kohiiuw Ho-l in li)77, However, it would appear that 
Kosnios \2m quickly malfunctioned for its nuclear reactor was 
raised to the high "safe" orbit after only a few days. It was noticed 
that, as with Kosmos 1176 in 1980, two pieces appeared in the high 
orbit whereas, prior * ) the Kosmos 954 accident in 1978, only one 
t- iV hud been observed. The operational phase of Kosmos 1249 
terminated on June l!i. Later in the year, Kosmos 1299 flew a mis- 
sion of 2 weeks before that, too, was terminated. Johnson pointed 
out that Kosmos 1299 Hew at the same time as large-scale naval 
maneuvers by both NATO and the Warsaw Pact countries. _ 

There were four launches in this series during 1982. Kosmos 18H.') 
was launched on May 14, well after the British Task Force had 
reached the Falkland Islands. Possibly its imminent launch was 
taken into consideration for potential coverage of the area sur- 
rounding the Islands when the EORSAT, Kosmos 1355, was 
launched on April 29, into a plane bearing little relation to previ- 
ous EORSAT missions because Kosmos 1365 and Kosmos 1355 dis- 
played the usual plane relationship. Kosmos 1372 was coplanar 
with Kostnos 1305 but some 38.5 minutes behind it producing a 
form of triple interlacing of the ground tracks of each satellite. 
They operated as a pair for a record 71 days. 

Kosmos 1402 replaced Kd&mos 1372 and, for a time operated as' a 
pair with Kosmos 13()5. Kosmos 13G5 was eventually replaced by 
Kosmos 1412, only 25.5 minutes behind KosmDs 1402 producmg 
simple interlacing of ground tracks. Kosmos 1365 operated for a 
record 13() days before being separated into its individual compo- 
nents and having its reactor raised to the "safe" orbit. Kosmos 
1412 ceased its operational phase after 40 days on November 10. 
Kosmos 1402 continued in orbit until December 28 when it split 
into three components, all of which remained in low Earth orbit. 
•The world s media became aware of the situation on January o, 
Um, and, mindful of the Kosmos 954 incident, gave the story max- 
imum publicity. One piece, cataloged by NORAD as "B' decayed 
rapidly leaving pieces "A" and "C" in decaying oroits. Initially the 
Soviets denied that there was any problem in response to questions 
from the Western press at the press conference in Moscow held in 
honor of the record breaking Salyut 7 cosmonauts. However, on the 
following day, it was admitted that the satellite was out of control, 
but they emphasized that all precautions had been taken to ensure 
that no" parts rt-ached the Earth's surface.^-* Later still, on January 
15 in a lO-minute television transmifsion, Oleg M. Belotserkovskiy, 
the director of the Moscow Physico-Technical Institute, disclosed 
that the two remaining parts were the main section of the satellite 
and fuel core of the reactor.*''^ 

It was immediately clear that tb'* reactor core was the niore 
densv" piece "C" which was decaying at a slower rqte than A and 
that the two pieces observed in the "safe" orbit since the resump- 
tion of the program in 19H() were indeed the reactor and the sepa- 
rated fuel core. 



"■.iohtuon. Nl. Th. Sovirt Year m Space \m Tflcdynr Brown hnKinwnnn. IWi, p d.i. 
'* Pravda. Mdkoiw Jan ^, 'J*) ed . p 2 
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The main part decayed over the Indian Ocean on Januarv 23, at 
2210 GMT and the fuel core over the South Atlantic, east of Brazil, 
at 1056 GMT on February 7. By the end of 1983, there had been no 
further missions of this type. 

Electronic Intelugence 

eorsats with the f-l-s 

For the first time, in 1981 the Soviet Union had at least one 
EORSAT operational throughout one whole calendar year* Kosmos 
; 1167 and Kosmos 1220 were still operating as a pair at the start of 
1981. Kosmos 1220 ceased operation shortly after the launch of 
Kosmos 1260 m March 1981 and Kosmos 1260, which had replaced 
Kosmos 1167 within hours of that satellite ceasine to be operation- 
al, operated alone between June 19 and the launch of Kosmos 1286 
on August 4. This immediate replacement was duplicated in Sep- 
tember when Kosmos 1306 replaced Kosmos 1260 within a day. On 
this (x:casion, however, it took a week for the new satellite to be 
maneuv3red into the desired orbit. By the beginning of November 
precise station keeping was no longer heing maintained. 

The first EORSAT of 1982, Kosmos 1337, malfunctioned within a 
week during February and, with the end of a restored operational 
phase of Kosmos 1286 in mid-March, the outbreak of the Falklands 
conflict in April found the Soviet Union without any operational 
ocean surveillance satellites of any type. 

As mentioned in the previous section, the positioning of Kosmos 
1355 might well have F)een determined by a desire for joint oper- 
ation with the two RORSAT's which were to follow. When Kosmos 
1405 was launched early in September, the Soviet Union, for the 
first time, ' ad two of each type of ocean surveillance satellite oper- 
ational simultaneously. 

Two furth-r EORSATS were orbited during 1983, Kosmos 1461 
and Kosmos 1507. The former satellite ceased operation on Janu- 
ary 30, 1984, when its orbital period was increased in a two-burn 
maneuver from 93.3 to 99.3 minutes. 

EUNT WITH THE C-1 AND A' 1 

Following the decay of 28 C-1 launched ELINT satellites in 1980 
and 19H1 under the influence of increased drag due to high solar 
activity, .aere were no similar launches in 1981 and one only, 
Kosmos 1345, in 1982. Initial speculation that Kosmos 1345 might 
be the first of a new series being established to monitor minor mili- 
tary communications traffic is no longer justified. 

Three of the heavier, A-1 launched satellites, Kosmos 1242, 1271 
and 1315 were launched during 1981 to replace Kosmos 1063, 1077 
and 1154 respectively. The 1982 launches of Kosmos 1340, 1346 and 
LS56 to supposedly replace Kosmos 1206, 1222 and 1184 respectively 
created confusion in analytical minds hi being in planes somewhat 
removed from those of the satellites they were thought to be re- 
placing. The Iburth launch of 1982, Kosmos 1400, although near to 
Kosmos 1315. increased the confusion by being placed 65*^ away 
u om Kosmos 134G. The launches of Kosmos 1437 and 1441 in 1983 
did nOvT 'ng to'iesolve the situation and what was once a precisely 
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maitituinetl cotiHtollution 1ms now degraded to something approacn- 
ing random access. 

POSSIBLE ELINT WITH THE F-2 

Other possible candidates for ELINT missions are those Kosmos 
satellites, also having 97.6 minute periods but launched by the pre- 
sumed F-2 into 82.5' inclinations. No mission was specified for 
Kosmos \m, the first in the subset, but both Kosmos 1076 and 
1151 were described as oceanographic research laboratories ^see 
chapter 4, section V.D.). This description was not given to the next 
six launches in the series but Kosmos 1500, launched on September 
28 19«;J, was announced as "continuing the testing of new types ot 
information measuring equipment and methods of remote explora- 
tions of the world ocean. . . ." (see above). No mission was an- 
nounced for Kosmos 1515, launched on December 15, 1983, nor tor 
Kosmos 1536 launched early in 1984. 

The absence of an announced mission coupled with the orDitai 
plane spacings of the 1981 and 1982 launches in the series led to 
si)cculation that these satellites were taking over the heavy ELINT 
role of the "non-Meteors". Kosmos 1300 and 1328, launched in 
1981 were spaced 45' apart and Kosmos 1378, the first of the 198^ 
launches, was placed 90' away from Kosmos 1328 leaving a gap be- 
tween them to be filled by another satellite to complete a four-at- 
45° constellation. However, Kosmos 1408, was placed in almost the 
same plane as Kosmos 1378 and might be considered to be its re- 
placement. Grahn discovered that Kosmos 1378 transmitted on the 
same frequency as Kosmos 1151 and that might be an indication 
that it had an oceanographic role. , 

The four 1983 launches did not fill the vacant space. It has al- 
ready been noted that Kosmos 1500 was announced as oceano- 
graphic in character and was actually reported as having used side- 
looking radar to assist in the rescue of shipping trapped in the ice. 
No clear pattern of plane spacings emerged uat-ikthe launch of 
Kosmos 1536 and, even then, an element of ambigijity remained. 
Kosmos 1536 could be seen to fill the vacant gap between Kosnios 
1328 and Kosmos 1408. On the other hand it would be reasonable 
to ask why it had taken so long and also whether those earlier sat- 
ellites were still operational. Moreover, Kosmos 1536 is spaced bU 
away fr-jm Kosmos I'yU,, the last of the 19«3 launches, and that 
was 6(r away from Kosmos 1445, the first of the 1983 launches. If 
Kosmos 144.-), 1515, and 1536 do, in fact, constitute a new three-at- 
(iO° constellation, it leaves only Kosmos 1470 unaccounted for. 

Rak'.y Warning of Missile and Space Launches 

- . ason for the choice of an initial 80° plane spacing for the 
Ko s satellites in semisynchronous orbits, differmg only m par- 
tial «rameters from the Molniya communication satellites in 
havir ' arguments of perigee at 315° rather than at 280 , was ob- 
scure c-:t between and the end of 1983 Kosmos launches into 
planes midway between these resulted in the development ot a con- 
stellation of nine satellites spaced at 40° intervals. 

Four uf the m\ launches— Kosmos 1247, 1261, 127K, and ^']}' — 
entered the new orbital planes and only Kosmos 128.) was a direct 
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replacement of an earlier satellite in the system, Kosmos 1261, 
which had broken up within a month of its launch. 

Five more launches in 1982 saw the ninth location filled by 
Kosmos 13(57 with Kosmos 1341, 1348, 1382, and 1409 replacing 
Kosmos 1247, 1172, 1223. and 1217 respectively. 

There were three such launches only in 1983, Kosmos 1456, 1481, 
and 1518 replacing Kosmos 1191, 1285, and 1341 respectively. 

Neither Kosmos 1285 nor Kosmos 1481, its replacement, were 
ground track stabilized on reaching orbit. Nor were they speedily 
replaced. Whereas the orbital period of Kosmos 1285 was higher 
than the truly semisynchronous period, that of Kosmos 1481 was 
less, due to differences in launch profile. One feels that this can 
hardl> be coincidental. A constellation of nine satellites provides 
some redundancy and it might be that this particular orbital plane 
is used to hold an in-orbit spare. 

The launch on February 19, 1981, of Kosmos 1247 reverted to the 
method of placing the satellite at the desired location last used in 
1!)7() lor Kosmos K62. The initial orbital period of only 707 minutes 
produced an eastward drift of the ascending node to 49°W where, 
on February 23, the ground track was stabilized by raising the 
apogee. That this was no accident was confirmed by the simultane- 
ous relocation of the four satellites currently operational at that 
date. On February 21, the apogee of Kosmos 1191 was lowered in- 
ducing an eastward drift and during the next few days the apogees 
of Kosmos 1172, 1217, and 1223 were also lowered. The rapid east- 
ward drifts were arrested by raising the apogees once more when 
the ascending nodes reached the vicinity of 60*'W in the first week 
of March and. as expected, complete stabilization was achieved 
with all ascending nodes located close to 55°^^. Figure 2, originally 
produced for a meeting of the Gatwick Branch of the Royal Aero- 
nautical Society on March 20, shows the manner of placing Kosmos 
1217 at its desired location together with the relocation of Kosmos 
1191. Plots for Kosmos 1172, 1217 and 1223 would be similar to that 
for Kosmos 1191 and are not shown to avoid confusion. Kosmos 
1261 used the same procedure for achieving a stabilized location at 
r>r>^W as that for Kosmos 1247. 
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FiouRK 2.— Locations of ascending nodee of Kosmoa 1191 and Kosmoe 1247 during the 

fuvt quarter of 1981. 

MlUTARY Ck)MMUNICATIONS, COMMAND, AND C!ONTROL 
TACTICAL AND THEATRE COMMUNICATIONS; OCTUPLE LAUNCHES 

Octuple launches appsar a 3 routine replacements for satellites 
which have failed electroMcpily. , locn iok'? 

In 1981, there were three such launches; Kosmos 1^6U-l^&|, 
Kosmos 1287-1294, and Kosmos 1320-1327. In the latter case all 
eight payloads were found in slightly higher orbits than usual and 
it may be that there was a minor malfunction in the timing of the 
ejection sequence. The rocket's final stage was tracked in the usual 

^'^In 1982 and 1983 there were two octuple launches resTOctively; 
Kosmos 1357-1364 and 1388-1395 in 1982 and Kosmos 1429-1436 
and 1473-1480 in 1983. 

COVERT STORE-DUMP MISSIONS 

Nine such missions were launched in 1981 through 1983 with a 
further launch early in 1984. The replacement sequence is shown 
in table 7. 

TABLE /.-STORE-DUMP MISSIONS WITH THE C-1 LAUNCH VEHICLE 

— 

1981 1269 

1302 

198? 1331 

13S4 

13M 
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TABLE 7.-ST0Rt-0UMP MISSIONS WITH THE C-1 LAUNCH VEHICLE-Continued 



lUO 



1190 



U40 



1486 



1503 



1984 



1538 



Notes. 



1 Kosmos Aumtms itvifl m 3 matn coiufflns with 1?0* spacmi m nfht Kctnsion o< nctndms betwrn columns. 

2 Data JbM the broken Imi mdutes the siitus o< thi consteitation it The stirt o( 1980 

I rv« piytojds are shmn offset from the mam coktrm by soma 10* Thesa nwk ttw eslatttshmwt o< a new consWlalioft lomewtet 
(tsdiacfd from the origtnal 



Kosmos 1269, the first of these, was replaced by Kosmos 1302 
after a period of less than 3 months and Kosmos 1302 was itself 
replaced before either of the other two operational satellites in the 
constellation. 

The first launch of 1983, Kosmos 1452, was not placed in precise- 
ly the same plane as Kosmos 1371 and when Kosmos 1486 proved 
to be an exact replacement for Kosmos 1354, doubts arose as to 
whether or not Kosmos 1452 was part of the series. However, 
Kosmos 1503, the last of the 1983 launches was also displaced from 
the main groups and when Kosmos 1538 was launched early in 
1984, there was once more a constellation of three at 120" spacing. 
It remains to be seen if the old constellation is maintained simulta- 
neously by further launches or is permitted to phase itself out. 



Antisatellite tests were carried out in 1981 and 1982, but rather 
surprisingly, not at all in 1983. The first of the 1981 tests was mon- 
itored in some detail by Sven Grahn. 

Kosmos 1241, the target satellite, was launched from Plesetsk on 
January 21, with orbital parameters of 65.8', 1012-978 km, and 105 
min. Basing his calculations f>n data from the 1980 test, Grahn de- 
duced that the most probable time for an interception would occur 
early in the morning of February 2. By January 30, he had moni- 
tored Kosmos 1241 and discovered that its signals were of a pulsed 
radar type. On the morning of February 2, he picked up these sig- 
nals again between 0345.49 and 0346.35 GMT. He immediately com- 
menced a search for signals from the expected interceptor and dis- 
covered them at 0358.20 on a frequency well used by F-launched 
payloads. These were AM pulseposition modulated signals and 
lasted until 0402.40. Kosmos 1243 had been launched from Tyura- 
tam at around 0225 into a 65.r, 308-61 km, 88.2 min. orbit and 
these signals were received at the end of its first revolution. At the 
time of the launch, Kosmos 1241 was southbound near the Kam- 
chatka peninsula. With its lower orbital period, Kosmos 1243 began 
overtaking Kosmos 1241 and, on reaching the Equator at the end of 
its first orbit, fired its maneuvering stage to produce a small plane 
change and establish a transfer orbit with para meters of 65.8% 
1017'2!)7 km, and 97.9 min. By the start of the third orbit, the time 
difference had been reduced almost to zero and Kosmos 1243 began 
its climb to rendezvous with the target near apogee. Grahn picked 
up signals from both spacecraft simultaneously shortly after 0530 
and lost them both when they fell below his eastern horizon at 
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Or)44.r,(). Kosnios WfiH dcorbited following this Jlyby. but a 

second i!.:erception was made by Kosmos 1258 on March 14 On 
that occasion there -ere reports that a Pentagon source had 
claimed that the target satellite had been successfully ..nocked 
out." the interceptor exploding near to it in what has come to be 
called a ''hot metal" kill as opposed to use of a directed ener^ 
beam weapon. However, no fragments were cataloged by NOKAU 

^Tollowing the launch of Kosmos ISTf) in 1982, with similar orbit- 
al parameters to those of Kosmos 1241, it was reported that 
Kosmos 1243, employing a n6w unjammable optical guidance 
system, was judged to have failed in its mission but that Kosmos 
1208, with the older onboard radar guidance, had probably open 

The June IH, 1982. test appears to have been a carbon copy of the 

1981 tests, Kosmos 1379 making a pass close to Kosmos 137.) before 
being deorbited. NORAD data for the rocket of Kosmos 1379 shows 
that the orbital planes were matched and the TASS announcement 
gave ruimbers showing the Kosmos 1379 apogee at the height of 
Kosmos 137r/s circular orbit. However, in the absence of NORAD 
data for the Kosmos 1379 payload, it is not possible to estimate how 
close it approached the target. On this occasion Grahn failed to dis- 
cover radio transmissions from the target, but received signals 
from Kosmos 1379 at the end of its first revolution. 

Apparently Kosmos 1241 had been active during March and May 

1982 since Branegan reported the "familiar spread-spectrum test 
signals with>eir covert telemetry around 44.3 MHz He con- 
tinued, "Tests^roper began on June 6 (the launch date of Kosmos 
mr,) and continued until June 18 in a series of about 10 tests car- 
ried out, culminating in two (sic) tests where target telemetry 
ceased abruptly (a point subsequently confirmed by U.S Secretary 
Haig)." The reference to two tests by the Secretary of State drew 
attention to a large-scale strategic weapons exercise of which the 
ASAT test was only one feature, occurring over a 7-hour period. 
The "nuclear war scenario" began with the ASAT test and was fol- 
lowed rapidly by the launching of two ICBMs, an SLBM from a 
submarine, an IRBM and two ABMs, and were said by Secretary 
Haig to be "integrated" and "unprecedented m their scope. «; On 
the day following the statement, speaking on ABC IV s inis 
Week with David Brinkley," Defense Secretary Caspar Weinberger, 
agreeing with Secretary Haig, said that this was just another 
piece of evidence to display the fact that they believe a nuclear war 
can be fought and won. '•'^ , 

Two Kosmos satellites, a navsat failure (Kosmos 1380) and a 
high-perigee photographic reconsat (Kosmos 1381), were launched 
on the same day as all these weapons tests. Johnson pointy out that 
both of these launches occurred between the time of launch ot 
Kosmos 1379 and its interception of Kosmos 137d and notes that 
nt'ver before had any satellite launch taken place during the con- 
ic! ot an ASAT test. He speculated that both of these flights may 
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have simulated replacement of Soviet satellites negated by Allied 
forces during the war scenario,^® 

KosMOS 1267 

At the end of October 1981, a report appeared in the Washington 
Roundup column of Aviation Week to the Ciffect that the Soviet 
Union was operating in low Earth orbit an antisatellite battle sta- 
tion equipped with clusters of infrared-homing guided interceptors 
that could destroy multiple U,S. spacecraft. "The podded miniature 
attack vehicles provide a new U.S.S.R, capability for sneak attacks 
on U,S, satellites.'' (Aviation Week's emphasis)''^ In the following 
week's column it claimed that Defense Department officials were 
checking for signs that the space station would be expanded for 
ballistic missile defense purposes and went on to say that the 
Soviet Union was expected to launch additional spacecraft 
equipped with infrared-homing kill devices which could be applied 
to a new ballistic missile defense system.^ ^ 

Additional details were provided in the same column at the end 
of November. 

. . The Defense Department is concerned that future 
• operational spacecraft like Cosmos 1267 will be launched 
into geosynchronous orbit to threaten U.S. communications 
and missile early warning spacecraft, . . . 

*. Cosmos 1267, docked to Salyut 6, is equipped with 
firing ports' to eject l-meter-long miniature vehicles guided 
by infrared sensors. The possibility also exists that radar 
homing may be employed. l ocking of this antisatellite 
wtapon platform with Salyut 6 means the U.S.S.R. would 
be able to use a manned Salyut to direct antisatellite at- 
tacks against U.S. spacecraft or to protect Soviet satellites 
against a U.S. retaliatory attack. 

U.S. officials said the data on the new killer satellite 
system, which first appeared in an intelligence report Sep- 
tember 17, are now "very hard from a variety of sources 
and methods; harder than anything we've een for a long 
time, " (Aviation Week's emphasis) 

Analysts without access to classified sources were mystified by 
these reports. Granted the ability of KH-U-type satellites to obtain 
imagery of orbiting satellites, which has been widely reported,^ ^ it 
seemed incredible that such precision could be obtained. Now, with 
the publication of drawings of Kosmos 1443 in Soviet magazines, it 
is possible to hazard a guess as to how the reports originated. The 
reader's attention is drawn to figure 2 of part 2 of this study which 
was baspd on such drawings. It will be seen that cylindrical tubes 
with hemispherical ends are located beneath a protective covering 
surrounding the main section of Kosmos 1443. One can understand 
that these might well be the **podded miniature attack vehicles'' of 
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the Aviation Week reports. However, in a labelled cutaway draw- 
ing of the Kosmos 1443-Salyut 7-Soyuz-T 9 complex these are 
shown as fuel tanks'"* and the cover picture of the same magazine 
shows them together with the associated "plumbing." The protec- 
tive covering was seen to be solar cell panels. 

Minor Miutary Missions With the C-1 Launch Vehicle 

from plesetsk 

The three inclinations of 65.0*, 74', and 83' continued in use for 
those Kosmos missions which fail to fall in readily identifiable cat- 
egories and are, lumped together by Western analysts as "minor 
military" missions. „ 

In each of the 3 years there was a single launch of a nontarget 
at 65.8° (Kosmos 1310, 1427 and 1450). An additional launch at this 
inclination in 1983 placed Kosmos 1502 in a lower orbit with a 
period of 92.3 min. more characteristic of the Kapustin Yar pay- 
loads. 

The 94,6 min period appeared once more at 74° in 1982 and 1983 
with Kosmos 1335 and Kosmos 1453. Kosmos 1335 came shortly 
after the decay of the previous flight of this type, Kosmos 1186, but 
was still in orbit when Kosmos 1453 was launched. 

Kosmos 1311 and its replacement, Kosmos 1501, launched in 1981 
and 1983, also had the 94.5 min. period but at 83' inclination. John- 
son drew attention to the point that Kosmos 1310 and 1311 and 
Kosmos 1501 and 1502 were pairs of consecutive launches with the 
same period at the different inclinations of 65.8° and 83^■"» but this 
may be purely coincidental. 

It was reported that Kosmos 13irs purpose was to calibrate 
ABM development programs at Sary Shagan but no evidence was 
offered to support this speculation.'' « 

The highly elliptical flights with periods greater than 100 mm- 
utes at 83° wore resumed in 1981. Kosmos 1238 and 1263 operated 
as a pair with their orbital planes 180° out of phase and might, 
therefore, be considered to have been travelling in approximately 
the same plane in opposite directions although, for that to be abso- 
lutely ' ■^, the orbits would need to be perfectly polar at 90° incli- 
nation. 1 hese were followed in 1983 by Kosmos 1508. Also, in 1982, 
Kosmos 1463 entered the 103.5 min. elliptical orbit at 83° previous- 
ly used b\ Kosmos 1179 in 1980. The possibility exists that scientif- 
ic results" ! rom either or both of these flights may some day be pub- 
lished exists but, until then, they are placed in this category for 
convenience. 

FROM KAPUSTIN YAR 

There were five flights at 50.7" in the period under consideration. 
In 1982, Kosmos 1:^51, 1397 and 1418 were launched at intervals of 
approximately 100 days with periods of 93.5, 93.4, and 92.4 min. 
Johnson sees some significance in the progressive decrease in orbit- 
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al period and also shows that, on October 31, their orbital planes 
were separated by 150'.^^ However, some caution should be exer- 
cised before reading too deeply into such observations for one 
might just as well point out that two of the satellites were 60' 
apart at that time. 

Both of the 1983 missions of Kosmos 1465 and 1494 had 93.5 min. 
orbital periods. 
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Chapter 3 



Soviet Unmanned Scientific Programs 



EARLY YEARS 

The International Geophysical Year— Origin of Space Science 

On July 29, 1955, President Eisenhower announced that the 
United States would launch a satellite as part of U.S. participation 
in the International Geophysical Year [IGY]. A day later, author* 
ized Soviet sources reported that the Soviets would also launch a 
satellite as part of the IGY, although ^'U official announcement was 
not made until September 1956.^ These actions ^ame a>^e request 
of the scientists planning the IGY, an international «(nentific effort 
from July 1, 1957, to December 31, 1958, for global studies of scien- 
tific phenomena in the Earth's atmosphere, who hoped that obser- 
vations from space would contribute to their goals. 

Even though Soviet intentions to launch a satellite were there- 
fore well known, and by June 1957 they had announced the radio 
frequencies which they would use, the launch of Sputnik 1 still 
caught the world by surprise. 

The First Sputniks 

SPUTNIK 1 

Rumors of an impending launch, perhaps in time to celebrate 
Tsiolkovskiy's birthday on September 17, 1957, began to circulate 
in Moscow. Although this did not happen, the rumors grew more 
positive in the first week of October, and on October 4, Sputnik 1 
became Earth's first artificial satellite (see figure 3). Lieiunched 
from an unspecified point, it circled the Earth every 96 minutes at 
an inclination of GS** to the Ekiuator, which meant that it passed 
over most of the inhabited world. Using battery power, Sputnik 1 
broadcast on two harmonic frequencies close to 20 and 40 mega- 
hertz, and variations in its cricket-like beeping signal revealed 
characteristics both of the ionosphere and of its own temperature 
changes. Variations in the satellite's orbit and its eventual decay 
also provided data on atmospheric density. 



' Dodd. L Harvey, and Linda S. Ciccoritti. US. -Soviet Cooperation in Space. Coral Gable»» FL, 
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It was the satellitoH announced weight of HlJ.fJ kilograms, an 
order of magnitude greate** than the planned American satellite, 
that created the biggest surprise, and suggested to a number of sci- 
entists that a decimal place had been in error. Others could not 
accept the notion that the Soviet Union could be first in a field of 
advanced technology and they invented elaborate schemes for ex- 
plaining Soviet trickery to simulate a satellite which they felt did 
not actually exist. It also became popular to believe there were con- 
stant Soviet attempts to launch satellites which failed, and that 
whatever had been launfched was necessarily crude and only for 
propaganda purposes, and was certainly built by German scientists 
who went to the Soviet Union after World War II, or stolen from 
the United States. These assessments were wrong. 

SPUTNIK 2 

While Sputnik 1 was a shock, its simple structure, limited bat- 
tery power, and lack of instrumentation (other than beacons) could 
be contrasted with the more elaborate, miniaturized instrumenta- 
tion promised for the U.S. Vanguard. However, on November 3, 
I!)')?, the second Soviet satellite, Sputnik 2, was place in orbit and 
was announced as having a mass of 508.3 kilograms (see figure 4). 
The payload remained attached to the spent rocket casing, so the 
total weight placed into orbit was probably on the order of 6.5 
metric tons. 

Along with a respectable range of geophysical instrumentation, 
the spacecraft contained a life support system for the first space 
voyager, the dog Layka. Biomedical data were returned for a week 
on the effects of G load during launch, weightlessness, radiation, 
and temperature changes on Layka, which provided basic data for 
planned manned flights. Since the spacecraft was not designed to 
be recovered, she was injected with poison after the week of experi- 
ments. Other sensors measured certain kinds of radiation ?nd mi- 
crometeorite impacts. 
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FiouRe 4.-Tlie 0,508 metric ton Sputnik-2 payload remained attached to the A- 
booster fmal core stage, making it over 29 meters long and weighing about 7.79 
metric tons. The dog Layka was housed in the cylinder with hfe support provisions 
for 7 days. Sputnik-2 was destroyed aRer 162 days in orbit when it reentered the 
Earth's atmosphere. 
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HI'UTNIK 3 

In the months which followed, the United States faced the frus- 
trations of launch delays and launch failures, including the explo- 
sion of a vanguard test vehicle on December 6, 1957. Finally, on , 
January (local time), the American Army Explorer satel- 

lite was launched^ but it weighed only 14.5 kilograms (including tK 
payload and rocket casing). The civilian Vanguard succeeded ih 
placing a 1.4 kilogram test vehicle and a 2;^ kilogram rocket casing 
in orbit on March 17, 1958. 

On May 15, 1958, the Soviet Union launched Sputnik Ji, and it 
was by far the most formidable challenge to the U.S. program— A 
kilogram orbiting geophysical observatory of considerable so- 
phistication (see figure 5). Unlike the two previous flights which 
were battery powered, this vehicle was equipped with solar C^U 
panels, elaborate louvers for heat control, and an array of instru- 
mentation which matched all the experim .nts planned for the U.S. 
KiY stories of flights and also those planned for the immediate post- 
KiY period. Although this spacecraft carried heavy, off-the-shelf 
conventional electronic equipment such as vacuum tubes, it also 
contained thousands of solid state devices, and was, in effect, the 
early equivalent of the U.S. flights in the Orbiting Geophysical Ob- 
servatory series beginning in 19(54, although with a lower data 
rate. Sputnik 11 continued to operate until moments before its re- 
entry 2 years after launch. 
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measured 1.73 m by 3.57 m. 
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The instruments for all three of these Sputniks were kept in 
sealed containers which were maintained at normal Earth surface 
pressures with normal atmospheric constituents. All three were 
launched by the same original ICBM system (although the final 
stajje of the carrier rocket was left attached to the pay load only in 
the case of Sputnik 2), and the entire core vehicle was placed in 
orbit, weighing about 6 metric tons, measuring 28 meters long, and 
slowly tumbling end over end. It was this rocket which was most 
easily identified on its passage across the night sky by observers on 
every continent. 

SUBORBITAL PROGRAMS 
Thk Ve^tikal International Program 

The Interkosmos organization of Soviet Bloc countries has spon- 
sored geophysical sounding rocket flights under the name Verti- 
kal2 

Vertikal 1 was launched on November 28, 1970, at Kapustin Yar, 
probably using the first stage of the B-1 (SS-4 Sandal), but possibly 
still using the SS-3 Shyster (oi^he Soviet designated A-3). The 
pay load weighed l,JiOO kilograms and reached an altitude of about 
500 kilometers. The rocket was 23 meters long with a diameter of 
!.<)() meters. Instrumentation studied emissions in the x ray fre- 
quency range, the concentration of electrons and positive ions, as 
well as electron temperature. These instruments had been manu- 
factured jointly by the German Democratic Republic and the Soviet 
Union to specifications developed by those countries, Bulgaria and 
Czechoslovakia. 

On August 20, 1971, Vertikal 2 was launched and reached an al- 
titude of MWi kilometers. The description of payload weight, dimen- 
sions, and participants seemed to match those of the earlier flight. 
The payload section separated from the single stage carrier rocket 
at about !M) kilometers, and was carried by momentum to the high 
point of the flight. Parachute recovery of the payload was accom- 
plished. 

The third flight in the series was launched on September 2, 1975, 
from Kapustin Yar at ()74{) Moscow time, presumably with the 
same B-1 first stage or Soviet desi^-ated A-^i sounding rocket. Ver- 
tikal reached a maximum altitude of 502 kilometers, following 
separation from the single stage carrier rocket at 97 kilometers al- 
titude. The experiments continued the previous work on interac- 
tions between solar shortwave radiation and the ionosphere and 
upper atmo.-iph(Te. The assembly of the spacecraft and launch itself 
were conducted by representatives of Bulgaria, Czechoslovakia, the 
German Democratic Republic^ and ? viet Union. Two weather 
rockets with Bulgarian and Soviet equif)ment were launched at the 
same* time, and various ground stations made simultaneous meas- 
urenu fits 

Inte»re\Ktingly, during th(* summer of li^Tf), the Soviets displayed a 
replica of the Vertikal payload in a Moscow museum, but referred 
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to the payload as a Prognoz. This replica (or one like it) was also 
shown at the Paris Air Show in the spring of the same year. 

Vertikal 4 was launched on October 14, 1976, from Kapustin Yar. 
The geophysical rocket reached an altitude of 173 kilometers, 
where an astrophysical probe was released. The probe made an arc, 
reaching a height of 1,512 kilometers and returned to Earth with a 
parachute. Vertikal 4 continued the research of the previous three 
Vertikal flights and of Interkosmos 2, 8, 10, 12, and 14. During its 
30 minute flight, Vertikal 4 took measurements at different alti- 
tudes of the concentration of neutral atoms of nitrogen and oxygen 
in the atmosphere. It measured solar radiation absorption to deter- 
mine the concentration and temperature of molecular and atomic 
oxygen and molecular nitrogen. Vertikal 4 also carried a solar- 
guided stabilization system. The scientific equipment was developed 
by B'-.lgaria, the German Democratic Republic, Czechoslovakia, and 
the Soviet Union. ^ . 

On August 30, 1977, Vertikal 5 was launched from Kapustm Yar. 
The payload reached an altitude of 500 kilometers during the 10 to 
15 minute flight. It carried an x ray spectrometer, a wide-band pho- 
tometer, a micrometeoroid detector and a solar imaging system. 
Poland and Czechoslovakia contributed to the development of the 
scientific instruments. The mission conducted research on short- 
wave radiation of the solar corona and meteor particles. The pay- 
load detached from the laiinch vehicle at 100 kilometers and 
lan^'ed with the aid of a parachute."* 

Vertikal 6 was launched on October 25, 1977, from Kapustin Yar 
to an altitude of 1500 kilometers. The instrument capsule was de- 
veloped by Bulgaria, Hungary, the Soviet Union, and Czechoslova- 
kia, and separated from the rocket at 173 kilo.Tieters. The flight 
lasted 30 minutes and collected data to improve weather and cli- 
mate forecasting. Vertikal 6 continued research on the atmosphere 
and ionosphere and on short-wave solar radiation. A set of geo- 
physical rockets were launched along with Vertikal 6 to take si- 
multaneous measurements of the atmosphere and to develop meas- 
urements for rocket sounding. The geophysical rockets carried in- 
struments developed by Bulgaria, Hungary, Romania, Poland and 
the Soviet Union. ^ , . , 

Vertikal 7 was launched on November 3, 1978, to an altitude of 
I'M) kilometers (the instrument package separated at 175 kilome- 
ters), and continued research on the ionosphere and short-wave ra- 
diation. The onboard equipment was made in the Soviet Union, 
Bulgaria, Romania, Hungary, and Czechoslovakia.^ 

Vertikui H was launched September 26, 1979, to an altitude of 
.505 kilometers. The probe carried equipment arveloped by Poland, 
the Soviet Union and Czechoslovakia and separated from the 
rocket at 100 kilometers. It continued reae-rch on gh-^rtwave radi- 
ation from the Sun. A new experiment to . a short-wave band 
in.age of the Sun was tested.' 



' Pri»vda. Moscow. Oct. H. 197(). p. 3 
* Pravda. Moscow. Aug. .'U, 1977, p 1. 
» Pravda, Moscow. Oct 2fi, 1!)77. p. fi 
« Pravda. Moscow. .Nov 4, 197H. p 2. 
'Tass. Sept. 26. 1979, 0937 (iMT. 
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OrHKK SOUNDINO RoCKKTS 

The record of major Soviet vertical sounding rockets made under 
the national, rather than international, program is incomplete, but 
even those that are known show they have made a significant con- 
tribution to the total program and to orbital flights which followed 
them. Most of the major sounding rockets have been launched from 
Kapustin Yar. Smaller sounding rockets and weather rockets have 
been launched there, as well as at Hays Island, on Soviet scientific 
research dhips at sea, and in Antarctica. 

The largest Soviet sounding rocket is called the A-3 (referred to 
as the SS-3 by the United States and as Shyster by NATO). It is 
possible that the major international cooperation flights use the 
Sandal or SS-4, that is, the first stage of the B-1. One mission 
reached an altitude much higher than the others and it is likely 
that it used the SS-5 Skean (the first stage of the C-1). (These 
probes are shown on page 120 in part 1 of this study.) 

T\w Soviet sounding rockets which have been launched under 
ihv natiori'il program have included missions for both biological 
and geophysical experiments. 

.SOVIKT niOIX)GICAL SOUNDING ROCKET FLIGHTS 

In May lOf)?, the Russians announced they had sent a rocket to 
an altitude of 211 kilometers with a payload which weighed 2,196 
kilograms and carried five dogs. 

On August 27, 19r)H, a payljad of 1,690 kilograms was launched 
to an altitude of 452 kilometers. The dogs Belyanka and Pestraya 
were aboard. 

On July 2, 11)59, the dogs Otvazhnaya and Snezhinka, accompa- 
nied by a rabbit named Marfusha, were launched to an altitude of 
241 kilometers. The payload weighed about 2,000 kilograms. 

On July 10, 1959, another rocket with a payload of about 2,200 
kilograms was launched to an altitude of about 211 kilometers, car- 
rying several dogs including Otvazhnaya again. 

On June 15, 1960, Otvazhnaya made a fifth flight on a sounding 
rocket which reached an altitude of 221 kilometers. The payload 
weighed 2,100 kilograms, and included another dog and a rabbit. 

'I'hfrr were vsimilar sounding rocket flights on June 6 and June 
ix, VMV.l The first reached an altitude of 563 kilometers. 

SOVIKT SOUNDING ROCKKT FL.'iHTS FOR GEOPHYSICAL AND PROPULSION 

KXPERIMENTS 

On Ki^bruary 1!j5S, a very complex geophysical rocket with a 
wide range of atmospheric and solar experiments was sent to an 
altitude of -IT*^ kilometers. The payload weighed 1,515 kilograms. 

On wSeptember 20 and October 1, 19(i5, rockets were sent to an 
altitude* of about 4S() to 5(H> kilometers to perform a wide range of 
geophvsic/il experimentvS including taking measurements of the ion- 
o.sphere and photographs and spectrographs of the Sun in the ul- 
traviolet and x-ray v\avelengths. 

A new series of (lights began in I !)(>(), quite possibly with the A-3 
launch vehicle or perhaps its SS-4 Sandal successor, but adding to 
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the usual range of geophysical experiments were some unusual pro- 
pulsion experiments. , iQ incc T« 

The first, called Yantar 1, was launched on October 13, 19bb. in 
addition to making studies of electron concentrations and photo 
emissions in the ionosphere, it scooped up atmospheric nitrogen, 
after attaining speed through its rocket motor, to sustain a sp«;ial 
ion electrical rocket with propellant. This was seen as leading 
toward future hypersonic aircraft. In 1969 there were more Yantar 
flights, but the dates and the performance have not been reported 
in detail. All the flights seem to have operated in the altitude 
range of 100 to 400 kilometers. , . . 

On October 12, 1967, a much more ambitious sounding rocket 
flight was made, and it seems likely that a larger launch vehicle 
w^ used, such as the first stage of the C-1. Pictures released of the 
payload showed an instrument container much like a small 
Kosmos satellite. If the larger rocket was used, it probably was 
launched from Tyuratam, since no pad had been used at K-apustin 
Yar by that year for such a large vehicle. 

EARTH ORBITAL DEVELOPMENT AND SCIENCE 
The Korabl Sputniks 

The five Korabl Sputnik flights are discussed in chapter 3 of part 
2 of this report (manned space flight). They are referenced here 
only as part of the chronology of the development of Soviet space- 
craft. 

The First Maneuverable Satellites 

On November 1, 1963, Polet 1 was placed in Earth orbit. Accord- 
ing to Soviet Premier Khrushchev, this satellite represented the be- 
ginning of a new era in space flight where satellites could nianeu- 
ver after attaining orbit. The spacecraft entered an initial orbit 59 . 
by 339 km. After a series of maneuvers, the final orbit was l,4df by 
343 kilometers, inclined at 58' 55'. No other specifics of the flight 
were given, other than the importance of being able to maneuver. 
Since no initial information was announced, it is not possible to es- 
timate plane change or delta V involved. ... A • 

On April 12, 19f)4, Polet 2 was placed in Earth orbit Again, the 
Sovieus stressed its ability to maneuver repeatedly, but did not pub- 
lish details. The final orbit was described as 500 by 310 kilometers, 
at an inclination of 58.06°. 

The launch vehicle used for these missions was an A-m combina- 
tion Strangely, the program was never mentioned again, and one 
may assume that it served its purpose, and that the technology was 
incorporated into some other classes of vehicles as a subsystem. 

The Elektron Program 

On January 30, 15H")4. the Soviet Union launched two payloads 
with a single "launch vehicle, the A-1, for the first time. Elektron 1, 
weighing 330 kilograms, was put into an eccentric orbit o. 7,100 by 
4(H; kilometers at an inclination of 61°, with a period of 169 min- 
utes Elektron 2, weighing 445 kilograms, was put mto an even 
more eccentric orbit oi" 68,200 by 460 kilometers, also at an mclina- 
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tion of Gr, with a period of l.IUU) minutes (see figure G). Both were 
fairly complex spacecraft designed to map the radiation belts and 
provide synoptic readings (Western observers have noted that other 
experiments, such as nuclear explosion detection equipment, also 
might have been carried). 




Figure (> — Two sets of Elektron satellites were launched by the A-1 booster, for 
Himultaneous studies of the Earth s radiation belts. The first Elektron was separat- 
ed using a small solid propellant engine at its base, as the final stage was continuing 
to i^urn to place the second Elektron into orbit. Orbits for the first pa:r of Elektrons 
wer e 406 x 7100 km and 460 x 68,200 km, respectively. The orbits of the second pair 
were similar. 

Elektron 1 was cylindrical, with six solar panels which folded out 
away from the craft, and it carried multiple antennas at both ends. 
Electron 2 was shaped like the cupola of a buildmg, was mostly 
covered with solar cells, had antennas at both ends and a magne- 
tometer boom at its pointed tip. 

On July 10, 1964, Elektron 3 and Elektron 4 were put up into 
similar orbits in another dual launch. Elektron 3's orbit was 7,040 
by 405 kilometers, 60.86'' inclination, with a period of 168 minutes. 
Elektron 4 was in an orbit of 66,235 by 459 kilometers, inclination 
of 60.86% with a period of 1,314 minutes. The^e flights, about 6 
months after the earlier series, a*^^ launched about 12 liours later 
during the day, provided a second set of readings for comparison 
with the first flights. Weights were not announced, but presumably 
were similar to the earlier flights. 

There have been no more flights in this series. 
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Thk Proton Program 

After the relatively small Elektron flights, it seemed appropriate 
that the largest of Soviet scientific spacecraft be called Protons. 
Chapter 1, part 1 of this report descr'has the Proton or "D" class 
launch vehicle, about three times the capacity of the standard A 
class launch vehicles. 

PROTON 1, 2, AND 3 

On July U), 1965, the Soviet Union launched Proton 1 into an 
orbit 627 by 190 kilometers at an inclination of 63.5°, with h period 
of 92.5 minutes. They announced that it weighed 12.2 meuic tons 
and included a massive cosmic ray measuring experiment to pro- 
vide data on cosmic rays up to an energy level of 100 trillion elec- 
tron volts. The spacecraft consisted of a short cylinder about 4 
meters in diameter, with four large solar cell panels or paddles 
which folded out from it, and a number of antennas (see figure 7). 
The exiMjrinient package was encased in the cylindrical section, 
and consisted of blocks of metal, paraffin, and plastic, often used 
for cosmic ray experiments. The spacecraft transmitted on many 
telemetry chanasls. Its low orbit led to its decay after 87 days. 



ERIC 



77 



811 




FiQURX 7.— Proton-l. -2, and -3 were test launcheB of the original I>claa8 booeter. Each 
weighed 12.2 metric tons and carried 3.5 metric tons of high ener^ cosmic ray 
detectorv in the cylindrical cores. The solar panels are shown folded under the 
^ aerodynamic shroud used during launch. 
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Proton 2 was launched on November 2, 1965, and Ir^sted 92 days. 
It was- placed into an orbit of (5^7 by IIU kilometers, inclined at 
63.5* with a period of 92.6 minutes. Tass announced that it weighed 
12.2 metric tons, and it is unclear whether or not the entire core 
vehicle was in orbit with the pay load (the D version of the launch 
vohicle) or just an upper stage (the D-1 version). 

The third Proton was launched on July 6, 1966, and also was an- 
nounced as weighing 12.2 metric tons. Placed in an orbit of 680 by 
190 kilometers, inclined at 63.5' with a period 92.5 minutes, it de- 
cayed after 72 days. The experiments carried on board continued 
cosmic ray studies, including solar cosmic rays (measuring their 
chemical composition and energy spectrum up to 100 trillion elec- 
tron voitsj, as well as absolute intensity and energy spectrum of ga- 
lactic cosmic rays, including searches for primary cosmic rays for 
those particles with a fractional electrical charge. Additional meas- 
urements were made in the search for quarks, the hypothetical pri- 
mary particle. 

It is quite fwssible that the primary purpose of these three 
flights was to test the new launch vehicle rather than obtam new 
science data, much like the three early flights of the U.S. Saturn I 
which carried the Pegasus satellites for measuring meteoroids. 

PROTON 4 

The final flight in the Proton program was launched on Novem- 
ber 14, 1968, and was an improvement over the earlier missions. 
Placed in an orbit of 495 by 255 kilometers, inclined at 51.5°, with a 
period of 91.75 minutes. Proton 4 Weighed 17 metric tons and de- 
cayed after 250 days (see figure 8). 
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Ridu|i9^.— Proton-4 weighed 17 metric tons and carried 12.6 metric tons of infitru- 
ihelitation payload for high energy cosmic ray studies. It measured 9«0:m x 4.5 m 
diameter and 10 m acroes ita deployed solar cell panels. (P. / 




Although the payload was not recoverable, there was S>J)lunt, 
conical nosecone at one end. It also had a number of rod antennas 
and solar panels. Western observers noted that the accompanying 
spent rocket casing was on the order of 12 meters long, and 4 
meters in diameter, the same as with the Luna 15 and Zend 4 
flights, which confirmed that a D-1 launch vehicle had been used. 

According to the Soviets, Proton 4 had the capacity to measure 
both coshiic ray energies (up to one quadrillion electron volts) and 
chemical composition in the range between 10 and 100 trillion elec- 
tron volts. It also studied possible collisions of cosmic ray particles 
with the nuclei of hydrogen, carbon, and iron in the range of 1 to 
10 trillion electron volts, and the dynamics of collisions of cosmic 
ray particles in the 10 toSlOO trillion electron volt range with the 
nuclei of atoms. Proton 4 continued the search for primary parti- 
cles with fractional electric charees, and guarks, and measured the 
intiensity and energy spectrum of high energy electrons. 

The main instrument used on Proton was an ionization calorime- 
ter which consisted of steel bars interspersed with special plastic ..^ 
scintillators. When a cosmic ray primary would strike an iron nu- ^ 
cleus, secondary particles would spread out to collide with other 
nuclei. The interaction of the particles were measured using a^ 
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lump of carbon serving as one hall" of the instrument and a lump of 
polyethylene as the other half. 

»f 

The Kosmos Science Program > 
the need for the kosmos designation 

In the first 5 years of the Soviet space program only 15 flights 
were successful in attaining orbit. All had come from Tyuratam, 
and all had used the largfe standard vehicle in its several forms, 
the A, A-1, A-2, and A-2-e. It is possible that only one or two 
launch pads were in use. In a sense, despite the very considerable 
achievements of the program, it represented an austere operation, 
exploiting to the utmost the investment which had been made. By 
the time the first Sputnik flew, work undoubtedly was already well 
along in planning use of the upper stage which permitted the first 
Luna flights, and perhaps the Vostok manned ship was also under 
actual development. The time had come to move experimental 
flights into both practical applications flights and more ambitious 
exploratory missions. One obvious need was to bring into operation 
a simpler launch vehicle which would be more economical for 
modest missions. Second, the Soviet Union needed to be able to fire 
its launch rockets at additional inclinations, from places where 
these changes of azimuth would not risk dropping first stages on 
populated regions. Third, if the pace of such flights was to pick up, 
it would be useful to spread the launch range workload more 
widely. All of these developments would come under the rubric of 
the Kosmos program. 

The Soviet Union was in the slightly contradictory position ot de- 
scribing all of i^s space activity as devoted exclusively to scientific 
purposes, codefined as peaceful in nature. At the same time, how- 
ever, Westetli experts saw them as exploiting the concept of oper- 
ational and strategic surprise, to kec: the United States off bal- 
ance and their world image one of successful leadership. Startling 
predictions were made as to what they planned to do, but without a 
specific time table, and enough of these missions were accom- 
plished to create the image of purposeful success. Information on 
failures was kept carefully hidden for many voars, and the theme 
was constantly expressed that these successes were the direct 
result of the superiority of the socialist system. Repeatedly during 
the early years, it was stated that there were no failures in the 
Soviet program. , 

The Soviets rationalized their control of information on the 
premise that they should not boast before they had accdfnplished 
deeds worth advertising, and that their usv of powerful military 
missiles, the front line of defense against aggressive imperialism, 
as launch vehicles needed protection against Western spying. 

At the same time that the Soviet Union was claiming a technical 
lead in space, they were reading in the American press about U.S. 
plans for further generations of U.S. military spacecraft (Pied 
Piper. Big Brother, Sentry, etc.) in quite a different league from the 
first U.S. small scientific payloads. Soviet technicians must have 
known that spaceflight provided new and interesting opportunities 
for applications of advanced technology, but it would be difficult to 
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develop similar military applications without undercutting their 
own propaganda which contrasted their peacef'*^ image with claims 
that the U.S. Department of Defense alone w ^ militarizing space 
for purposes of world aggression. 

There was a body of Soviet literature which proposed that all 
military flights in space should be subject to internation,*^! prohibi- 
tion. Observations from space were call6d spying>, and lawyers and 
military figures alike spoke of the lieed.to take countermeasures. 
Premier Khrushchev spoke scathingly of people who peeked into 
others* bedrooms, promising that U.S. satellites would meet the 
' same fate as Gary Powers' U-2 spy plane had on May 1, 1960. If 
the. Soviets were to protect their own freedom of action in space 
while not sacrificing the peaceful image they were carefully con- 
structing, thpy needed an appropriate cover plan. Thus, the name 
Kosmos (space), accompanied by a number, came into use for about 
70 percent of Soviet launches. 

This ''openness" of name, immediate release of orbital elements, 
and p<jaceful Kosmos label, could be contrasted with the fact that 
by this time half of U.S. flights were for the Department of De- 
fense, had no name, no announced mission, and the details on or- 
bital path were withheld for weeks or months, sometimes after the 
flight was over. This Soviet practice was seen as an effectiye propa- 
ganda ploy, even though the name, serial number, and vague de- 
scription provided no significant information. The Soviet release of 
orbital parameters was useful, but presumably told no more than 
was already evident to the tracking systems of the United States 
and Britain. 

The text of the Tasa announcement of the launch of Kosmos 1 on 
March 16. 1962, reproduced below, is typical of the hundreds of 
Kosmos launches made since that time. 

A series of artificial Earth satellites will be launched from 
different cosmodromes of the Soviet Union during 1962. 
Another launching of an artificial Earth satellite was car- . 
ried out in the Soviet Union on March 16, 1962. ... ' ^ 

The launching of the artificial Earth satellite continues 
the current program of studying the upper layers of the at- 
mosphere and outer space in fulfillment of which a series 
of satellite launchings will be efl^ected under this program 
iVom different cosmodromes of the Soviet Union in the 
course of 1962. The scientific program includes: The study 
of the concentration of charged particles in the ionosphere 
for investigating the propagation of radio waves; a study of 
corpuscular flows and low energy particles; study of the 
energy composjtion of the radiation dangers of prolonged 
space flights; study of the primary composition and inten- 
sity variation of cosmic rays; study of the magnetic field of 
the Earth; study of the short wave radiation of the Sun 
and other celestial bodies; study of the upper layers of the 
atmosphere; study of the efl'ects of meteoric matter on con- 
struction elements of space vehicles; and study of the dis- 
tribution and formation of cloud patterns in the Earth's 
atmosphere. Moreover, many elements of space vehicle 
construction will be checked and improved. The launching 
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of sputniks of this series will be announced in separate re- 
ports. This program will give Soviet scientists new means 
for studying the physics of the upper atmospheric layers 
and outer space.* 
When another launch occurred on April 6, it was named Kosmos 2, 
and reference was made to the press release for Kosmos l._ 

The first three Kosmos tlighta came from Kapustm far, and 
they flew at an inclination close to 49*. Kosmos 4, however, an- 
nounced with the same kind of a press release, was flown at tiie 
previous inclination of 65'. Three days later, Tass made the follow- 
ing announceipwit: 

The Soviet artificial Earth satellite Kosmos 4, launched 
on April 26, 1962, has besn in orbit for more than 3 days 
and has flown in this period about 2 million kilometers. 
Throughout the world flight the systems and apparatuses 
on the satellite to carry out the exploration of cosmic 
space and the upper layers of the atmosphere worked well, 
[sic] In connection with the completion of the orogi-am of 
scientific research on April 29, at a commaud-'frbm E" th 
the successful landing of the satellite in a prede .lea 
area of the territory of the Soviet Union was carried cut. 
As a result of the launching of satellit- y.osmos 4, valuable 
scientific data, which at present is bf ag processed and 
studied, has been received.^ 
It became apparent that there were several separate programs, 
using different launch vehicles at different cosmodromes, all under 
the gener..! label of Kosmos. Tliey could announce the" successful 
recovery of a pay load on.lan^ without tying that work to a mili- 
tary program, as President Ej^enhower did when he displayed the 
first Discoverer capsule after it was picked up in the ocean. 

Especially with the adv .ntage of hindsight, it is possible to sort 
out the Kosmos flights in almost all instances into broad catego- 
ries. The public record of orbital elements is very revealing as re- 
petitive patterns are studied, and these characteristics are com- 
pared with possible missions whi|h would use such paths around 
the Earth. ' ^ 

The Soviet scientific community sometimes publishes experimen- 
tal results on those Kosmos flights which are scientij;c, and subse- 
quent nights with similar characteristics can thSrefoie also be 
identified. Results of flights associated with applications such as 
weatht'r and communications can similarly be identified. Manned 
flight prt'turs jrs are especially easy to hpot not only by their orbit- 
al placement and r.:covery, but usually by the radio frequencies 
used an'i sometimes even by the broadcast of recorded human 
voices. 

Thus, ihf Ko.snios category includes elementis of programs d,uv ot- 
od to scit-ncf, to developnitMit of practical civil applications, and to 
te.stinK precursors to manned ships to follow. Other Kosmos niLs- 
sions are probably failures which the Soviets do not care to identi- 
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!'y. The largest category within the Kosmos label are those Soviet 
satellites with military purposes. These are discussed in chapter 5. 

RESOURCES FOR IDENTIFYING KOSMOS MISSIONS 

As noted above, certain Kosmos missions can be identified 
through publication of scientific findings or by later flights with 
similar characteristics whose mission is announced. The nature of 
the orbit compared to potential applications of spacecraft in such 
an orbit also provides clues as to the spacecraft's purpose. 

Important indicators are also supplied by the Goddard Satellite 
Situation Report which gives the orbital elehients and decay dates 
on not only the payloads but associated debris as well. Abandoned 
debris may reveal something about the staging and mode of oper- 
ation or maneuver, if ai y, used by the flighty Rates of orbital decay 
ov r time may reveal something of the density or shape of the ob- 
jects in orbit. If final decay from orbit occurs before natural decay 
by air drag would dictate, it is reasonably likely that retrofire was 
employed in a recovery attempt, or return to Earth was deliberate- 
ly arranged. If ''pickaback" payloads are separated later from the 
main payload, this fact generally can be noted in the public regis- 
ter. Clearly catastrophic events such as explosions in ort t are sig- 
nalled by the large amount of debris, and the dispersion from the 
original single orbit teUs something of the violence of the explo- 
sion. Payloavis which were spin stabilized early in flight and then 
slowed down by unwinding "yo-yo" wires with weights are identifi- 
able because these separated weights above and below the main 
payload are a standard telltale with such flights. 

In addition to the Goddard Satellite Situation Report, Goddard 
also publishes the "two lines," which are sets of data on each satel- 
lite which has been launched. The Satellite Situation Report gives 
data only on apogee, perigee, orbital inclination, and period, while 
the two lines provide additional data on right ascension of ascend- 
ing node, argument of perigee, mean anomally, mean motion and 
revolution number from which date and hour of launch and semi- 
majcr axis can be computed. 

A third valuable source of data is the Royal Aircraft Establish- 
ment [RAE| at Farnborough, England, which publishes logs of all 
world fli^'ht.s, including Soviet, and labels which objects are pay- 
loads, which are spent rocket casings, which are special capsules, 
and which are miscellaneous debris. Using optical and radar obser- 
vations, the RAE lists the shape, weight, and dimensions of most 
objects to the best of their estimating ability. The RAE logs also 
publish the data from the Goddard "two lines/' 

Still more information on Kosmos flights is available from pri- 
vate observers. The major source of this information is the team of 
observers linked with the Ket^^ring Boys School. Northants, Eng- 
land (leoffrey E. Perry, the head of physicr at the school, has led 
this effoit with important support from hi^ imiiy, colleagues, and 
successive generations of pupiln. In addition to Mr. Perry, his wife 
Jean, and his students, members of the Kettering Group are locat- 
ed in England (Peter Wakelin, Christopher Wood, Dave Hawkins, 
Robert Christy, and Isabel (Perry) Carmichaei); Sweden (Sven 
(irahn and jan-Ola Dahlberg); and the Lnited States (Ktchard 
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Flagg in Florida and Murk Severonce in Texas). Corresponding 
members of the Group are located in England (Grant Thomson, 
Sarah Mobbs, and Les CurringtonJ, Germany (Horst Hewel and 
Dieter Oslender), South Africa (Greg Roberts), New Zealand (Len 
Maxim), and the United States (Lindsay Winkler and Ken John- 
son). , , 

The Kettering Group concentrated first on the signal characteris- 
tics of the H-day Soviet military recoverable photographic missions. 
The observed Doppler shifts made it possible to establish the flight 
path to a good degree of accuracy. When the flights were ready for 
recovery, the radio beacon was tracked, and the stages of retrofire, 
ionospheric blackout, parachute opening, touch down on the 
ground, and arrival of the pickup crew to turn off the final beacon, 
could be logged with great precision. 

Perry's studies proceeded to identify telemetry format so that 
even on the first revolution it was possible to discern the nature of 
different flights after launch, and to predict impending launches 
because a spacecraft already in orbit would vacate its previous fre- 
quency in order to free it for a new spacecraft coming within the 
day. Since 1974, the Kettering Group has been afail^ to classify some 
Soviet launches in o sets and subsets by applying numerical and 
graphical methods to two-line data.'" , 

The Kettering Group has consistently provided highly profession- 
al, nositive identification to many aspects of the Foviet space pro- 
gram from completely unclassified, private sources, which are not 
matched u-y any public release of data by the Soviet, United States, 
or British Governments. Mr. Perry has recoived many honors for 
his work, and was personally invested with the. order of MBE by 
Queen Elizabeth at Buckingham Palace on March 13, 1973. 

KOSMOS SCIENTIFIC MISSIONS 

By the techniques discussed above, it is usually possible to distin- 
guish between scientific and military missions. In addition to those 
flights with a primary scientific mission, there are a number of 
military flights which carry a separable scientific payload in pick- 
aback form, and there are other scientific experiments which are 
incorporated as part of the main military payload. To tha extent 
any ol" these categories can be identified or have been disclosed, 
they will be accounted for in the text to follow. 

For convenience these missions will be categorized based on the 
launch vehicle used to place them in orbit. 

//.sr o/ Z/ic .'i- / for scientific flights 

From \WA to H)7:^. the B-1 vehicle was used to launch a stand- 
ardized Kosmos scientific payload which consisted essentially of a 
short sealed cylinder with hemispheric ends (see figures 9 and 10). 
Most wore spin stabilized during launch, and although some car- 
ried internal chemical batteries only, others had sclar cells either 
on the extei-ior of the cylinder or on panels that fold out from the 
body of the spacecraft. The instrumentation and booms, if any. 
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varied according to the (jx|)erimenta being conducted. Weights for 
the satoUites have never been announced, but probably ranged 
from 260 to 425 kilograms. 





KOSMOl 2 



KOSMOS n. 49 

, o 



KOSMOS - 101 




KOSMOS - 149 

lo«v orbiM riUtudi tirotfvnanileillv 




G D.H.Woodi 1M4 



FiouRK 9 -IVclass Koemoe booeter launched a variety of small scientific, nonrecoyer- 
able. battery-powered satellites, aa shown here. Each ia ba5?d upon a standardized 
design of a cylindrical body with hemispherical ends. 
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Figure 10.— The B-class Koemos booster was also used to launch a series of snv'- 
scientific, nonrecoverable solar powered satellites, as shown heie. Most are id 
u|)on a standardized design like the battery-powered versions, but with an octagonal 
shell fitted with four or eight extendable panels. 

Two had a special stabilization system that depended upon use of 
the aerodynamics of the atmosphjre still present in low orbit 
enough to influence vehicle performance. An annular rmg was ex- 
tended in orbital flight or. telescoping booms well to the rear of the 
spacecraft. Although this was successful, it would only work for rel- 
atively short-lived low orbits. ,. . 

Launches from Kapustin Yar flew initially at inchnations close 
to 49", but after 19H6, at about 4S.4°. The nature of the mission was 
announced in only a few instances at the time of launch. A small 
number of scientific payloads were launched from Plesetsk, either 
at 71= or at 82'. . ^ 

Since 1973, the B-1 launch "ehicle ha" been phased out m favor 
of the larger C-1, and the F nos name was replaced by Interkos- 
mo8 because the flights y cooperative experiments of other 
countries of the Soviet bloc .jee next section). 

Table 8 categorizes the B-1 launches by inclination and orbital 
characteristics. The mission descriptions represent experiments or 
instrumentation referred to in the Soviet literature, often with 
added details which have become available over a ^riod of time. 
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TABLE 8.~IDENTIFIABLE USE Of THE WUNCH VEHICLE FOR SCIENTIFIC ORBIIAL MISSIONS 



Kapustn Yar 4a.M9* PkMCk 



ita inunmi Mosion dncfiption 



1962 

1 980-217 Electrofl dewity, propigation. geomagnetic, 

soiafwmd. 

2.. 1,546-212 Electron density, propagation, ion composition. 

solar UV rsdiation. 

3 720-229 ElectrQfl density, propagation, atmospheric den- 

sity, soUr and cosmic radiation. 

5 1.600-203 Electron density, atmospheric density, solar and 

cosmic radiation, gaomagnetlsm. 

6 360-274 Cosmic radiation. 

8 604-256 Electron density, atmospheric density, microme- 

teorites. 

U 921-245 Atmospheric density, ion density, prop^igation. 

1963. 

U . .. 512-265 Meteorology. 

1/ 78S-260 Electron density, atmospheric density, solar and 

cosnw radiation. 

19 519-270 ■ Atmospheric density, cosmic radiation. 

23 613-^40 Meteorology. 

196' 

25 526-2/2 , Cosmic radiation. 

26 402-271 Magnetic flekb. 

49 . 490-260 Magnetic fields. liV radiation. 

51 554-264 Luminosity of stellar background. 

1965 

53 i. 192-227 Cosmic radiation, neutron flux. 

97 2,100-220 Quantum generator maser and atomic uxk. 

1966. 

108 865-227 Electron density, propagation, atmospheric den- 

sity, solar and cosmic radiation. 

135 662-259 Gamma radiation, micrometeofites. 

137 1.720-230 Radiation, proton spectrum, charged particles 

(Cherenkov counter ). 

196? 

M? 1.362-214 Radio propagation. 

149 297 248 Meteofotogy. radiation gauges. aerostabiW 

payktad. 

163 616-261 . .. Cosmic ray telescope. 

166 5/8 283 . Solar xray. UV. and short wave emissons 

(sptn stabilised] 

196 887 225 Atmospheric studies. 

1968 

215 426-261 8-lelescope astronomy— visiWe. IR. UV. x-ray, 

spcct-ometer. also ocean surface brightness, 
pt wtometer of upper atmosphere. m\^m 
line of oxygen (spin stabilized) 

^Vi \. no 222 Electron spectrum of inner belt— magrie^ome- 

ter. scintillation counter, photospectrometer. 
proton spectrometer. 

225 5.10 25/ Eleciiurt flux s»udy of BraMian anomaly, 

cosmic rays. 

230 SHO 290 . .. Solar x-ray and UV (spjn stabilised) 

2*)9 1.353 ?19 Ionospheric sludies. radio prcpagation 

2hl 6/0 217 Almospheric and auroae studies— charged par- 

tjcies. plasma, fluxes of soft photoi-ieclrons. 

spectra of aurofal electrons (8loc coopera- 

tK>n| 

262 818 263 Hard radiation intensity (Geiger counters) 
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TABLF. 8.-IOENTIrlABLt USt OF Tfil B- l LAUNCH VEHICLE FOR SCIENTIFIC .rJITAL MISSIONS— 

Continued 

HWSlw Yif 48 4-49' P teetSK 

iui ifid ■ - ■■ Missnn dewiptwn 



19/0 
3?0 



1969 

IK..1 540 260 Sdaf UV and i ray. plus effect: on upper 

alrrosphere. [Bloc cooperation]. 

in 2 1.200 ?06 Night ionospf)cr!C measwes and magnetos 

phere. concentratKMi of positive ions, elec- 
trons, electron temperature [Bloc coopera* 
tkm]. 



342.240 Meteorology, refle *ed solar rddlation, all)edo, 

long wave radiation, cloud cover, aerostabi- 
lized payload. 

32[ . 507-289 Geomagnetism, ring currents, ionospheric 

measures. 

ns 41S ?W UV radiation. 

j4g ... 680-212 AtmospherJC and auroae studies— photo elec- 

trons, ion tempera'ivres. horizontal gradi- 
ents. [Bloc cooperation]. 

in 3 1,320 20/ Cosmic rays, low frequency fluxes, charged 

particles, dynamic processes of radiation 
l)elts. UV and X-rays, nature and spectrum 
of electromagnetic oscillations. [Bloc coop- 
eration]. 

35^ 600- 240 Atmospheric and auroae studies -radiation. 

{K 4 668 263 Radiation flux of whole solar disk, soft and 

hard x-rays. UV, tuckground of charged 
particles, optical measures. [Bloc coopera- 
tion]. 

19/1 

IK 5 1 200 205 . Cosmic rays and lower frequencies, fluxes of 

charged particles. [Bloc cooperation). 

19/? 

4jj; 540 ■279 . .. ionospheric eK-xtrons and temperatures, pro- 

tons, lon concentration [Bloc cooperaiion]. 

155! ^c? Solar radiation and ionospheric radiO waves 

excitation by solar corona [Ploc coopera- 
tion]. 



IN- ^^Qam^ t»Y Wj^ and penfl« .>n niomelefS) Jre somewhai Mnri. bul may {« compafrt *ilh grffjpings used to^ mitiUfy mtssws 
«ilh Mm»Ur ^itpraji rlvjrjcfptiVic^ aiHllauncftCd atso tjy Ihe B 1 vehicles . ^ , ^ ^ „ „ 

; rv nuss^yn lescfphcns oltsn -ss-jed piecen^-}! even year* aMer Ihe lirghl occurred, aie abOfwaied. ^ftd to a (Jegree overlap, w mi missjons 
jr^j nMfuir^nijJKDn but «hey pve 3 gewfii tixjtcaiion as !o »he areas ol mierest iw each iirehl ^ ^ . „ Kv,^.,f-< n. 

J I De .Toted ;ftai intcrtc->To' »'gW ^J«»gnate as as Rcsrnos 'lights ff* Sov^l Woe c«tjerahv« n.gnts ar^ aftJxwaled *|!h 
the preh, .r>.t.ais IK Kosmos 251 and 328 although nol givto IK -^umbefs wwe also coopefat^ n«Ms Presurnabfy mcy were ^ss^je^^. 
(itt.i{naiort because ihe irme w Soviet paftS:rpant$ *efe fwl pefm.tted to viSit the FVscisk tawKh ylc where these were launched 
'^tfce^ fUw: Mtahi djia from So^-*t TASS DuiWins FoiJwup misswn desaiptws somet.mes acDear as artJCtes tn the regular Soviet Wtts^ 
tJfV's iiH^Mf i' .pip^.KP'i n ihe uiont.k 'iteuture YMr^ later and some references are found 1 or nwe years later .n Soviet reports fo C05PAR 
tCuininittP^? cn S(Mce «<»<*arch interaalKHUl CourK:jl ol Scientific Unions) 



Use of the C-l scientific flights 

The (^ -1 launch vehicle came into use in 1964 but was used only 
for rniUtary missions until li)70. The preceding section noted that 
in sonu* cases, it has not bevn possible to establish a B-1 flight as 
scientific rati.er than military until well after the event, depending 
upon tho appearance of references in the scientific literature. Most 
C-1 flights can be cataloged as to military versus civilian use on 
the basis of their announced flight parameters, but there are exoep- 
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tions» and hence any tabulation is subject to revision. For example 
Kosinos 381 was promptly announced as a scientific topside sound- 
er» subsequently displayed at the Paris Air Show, and many results 
were published. Kosmos 385 had almost the same kind of orbit, but 
no mention was made of scientific findings, and subsequent flights 
witii similar parameters have been judged to be navigation satel- 
lites. At least two C-1 launches (Kosmos 426 and 546) had charac- 
teristics suggesting they were scientific fiights, but also might have 
been instrumentation failures or unidentified military missions. 
F'igure 11 illustrated several types of C-class scientific payloads. 
Table 9 summarizes the tentative assignment of C-1 flights to the 
scientific category. 



lona^)hcrlc rttMrth ftv»>dt wu«€kr 



tNTERKOSMOS 14 
mignitic ri*<d. lonoipharK. 
mtcrom«t*ofDk] rtMtnih 




©OR Wood! tW* 



FiouHK 11.— All C-class Kosmos satellites appear to be solar powered, and based on 
one of three basic * ^igns, as shown here: (a) a heavy version of the B-clasa booster 
solar-powored satellites, (b) a cylindrical solar array shell around a cylindrical core» 
and 'v-i ri^ht deployable solar panels around a cyhndrical core. 

TABLE 9 ..IDENItflABlE USE OF THE C-1 LAUNCH VEHICLE FOR SCIENTIFIC ORBITAL MISSIONS 



83 eccentf:c 



Mission 



.763 241 



lo.lOSp^8^lC studies, plasmas. 
leaKmg of charged particies 
ot ditferent energies. 
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TABLE 9.--IDtNTIHABLE USt Of M C I LAUNCH VEHICLE FOR SCIENTIFIC URBITAL MISSIONS- 

. Continued 



Yeat ifld lUismos No Yar 506- ' m „ •^'^ 

bO / 69 2 H omW n eccentiK ^y^Jj^^ 83 eccenUic 



331 .... 1,G23 985 Pulsed lopskJe souixJef on 20 

" frequencies and measuring 
electron flux. 

19/1 

42S 2,012-394 Possible wnosphenc studies. 

451 , 524-490 Intciv3ity, spectral composition. 

distrib'Jtlon, angular 
direction of gamma 
radiation. 

Ofeol I (Aweoie 2.500 410 WWefcand spectrum of protons 

1) and electrons, proton 

Intensity, ion composition of 
atmosphere (French). 

19/3 

•j46 6iO 58b Possible solar studies. 

iH 10 1.4/7-265 Particle temperatures. 

energies, concentrations- 
electrons, ions, neutral 
atoms, magnetic fields, low 
frequency oscillations in 
ionosphere. (Bloc 
cooperation.) 

Oreoi 2 (Aureole 1.995-40/ Charged particles^-protons, 

2) electrons, ion composition, 

numbers, energy 
distribution, auroras of 
upper atmosphere 
(French). 

19/4 

IK j] 5^6 484 Solar UV and x-ray. upper 

atiiK)sphere study. (Blx 
cooperation.) 

IK i; /08 264 Atmospheric composition and 

structure— numbers, 
character, energies m 
Ionosphere, mtcrometeorites. 
(Bloc cooperation.) 

IK 1./ 14 296 Magnetosphere dynamics. 

processes nl polar 
ionosphere, low frequency 
electromagnetic waves 
(Bloc cooperation ) 

Anaoai 619 Dh5 X-ray astronomy, solar gamma 

,A^v.^^A^M■ neutrons, particle flows 

radiation m tonosphere 
(Indian) 

m {J l.;0/ 345 Low frequency electromagnetic 

wave fluctuations m 
magnetosphere. structure of 
ionosphere, micromeleontic 
intensity (Bloc 
cooperation ) 

,x W Systems test o( new AUOS 

Spacecraft (Bloc 
cooperation ) 
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TABLE 9 --IDENTlftABLE USE OF THE C - 1 LAUNCH VEHICLE FOR SCIENTIFIC ORBI|AL MISSIONS- 

Continued 



V) / S9 2 74 cjrcuiif 74 eccwlric S3 eowtfic 

IK 16 . ... 523-465 X-fay of spectra of Sun, 

poiarization of resonance 
lines in UV. effects on 
. upper atmosphere. (Bloc 
0 cooperation.) 

19/; 

893 l.?03-341 Duplicates IK-14 ort)it, Iwt 

» rocket remained attached to 

payioad. 

900 523-460 Ptijfsical phenomena in 

ionosphere and 
magnetosphere. (Bkx 
cooperation.) 

906 523 466 Partially duplicates IK-15 

orbit. tHit rocket remained 
attached to payk)ad. 

Sn«8 3 (Signe 519-459 OirectkHi of gamma ray 

3) twrsts. solar UV (French). 

IK 17 519-468 Energetk: charged and neutral 

partKles, micrometeorite 
steams, magnetosphere and 

^ ^ upper atmosphere, laser 

telescope for geodesy. 
(BkK cooperatkHi.) 

19/8 ^ 

IK 18 ■ ■ 786-407 Interaction of solar wind with 

magnetosphere, auroras, 
particles, ionosphere. (Bkx 
cooperation.) 

Magion 786-407 Electrical field low frequency 

resonance arcund sateilite, 
charged particles, electrons. 
(Czeck pickat)aci(.) 

19/9 

IK 19 996-502 Structure of ionospherk: wave 

processes, radio propagation 
In ionospherk: plasma, solar 
radiation. magnetK: data. 
I. (Bloc cooperatwn.) 

Bha^ha'j Earth resources, day and 

( OhasMf ) night, including sea state. 

soil and water conditions 
(Indian). 

IK 20 523-46; Ocean resources data. 

/ including iR for water 

temperature, collection of 
data fum fkiating surface 
buoys (Hoc cooperatkKi.) 



/ 



•he fiieni pcs^iW? fhe y:iefifific missions uvng inc i-i lairncn vefiioe mv? oeeii tsoiaieo w inciusw m mis laote iwo i-i ntgnu w 
!o til ^ tfje miiiJafY categcv y«i no v^n\\\\c rcsuih hav? been found pubtisfted m the Itterahife Kosmos 4?6 whjch fOucnN resembles 
|/8 'fvjy r^ionfl .n itie military C4[}bf4t«n cjietjocv or il may be i pjykwd i*t»se mstnimefltaliofl failed !o function itosmos 546 somewtiat 
, intefkc^mos 11 *xjI "X) findjngs have bew duWi^ « fnay be either a suenlitc payioad wlxwe instrument at ion failed or may be a 



Holes 

1 To ihe fiieni pcs^ibM? fhe yiientific missions uvng the C-l launch vehide hav? been tsoiated lor inclusion m taWe Two C-1 fkgbts^do 
'»ci '<eni - - ^ . . . _ . K... 

'i»'*(»»t?^es 

mflitary caiiNation category pgfff 

t'fher a Tisjdeniificaiion or is anomalies. / miltlarytype wykwds ol the C I ategory were listed as caifyin<^ suppiementai payloads 
•jev^ted ?o v:iexe Ro^mos ?S6. a geodeK payVwl returned data on sdar and c«mic r*Mt«o. Kosmos 610. an eleciroriic lerret »s satd to have 
carried a biotogicai expefiment 

3 Thff flights -nduded •'«ve been cfouped t>y rfKdmaiion. af)d type oT ortnt. witti mtssion data summanied from widely scattered references 
•r Sov»et s^ientir«c mmi^ and ret»f{^ 
< inferiiosmos 'lights a^e abb^evated as IK r^(« are coooerative flights with ether countries ol the Soviet Wbc and occasioftally other counlncs 

Sources Basic thghi :i3ta Irom Sov«l lass butlet<ns fonowup mission (iesoiglions sometimes appear in the regular Soviet press Others appear a 
retef»rice^ m the sciefltii* literature even yeor latej. or m Soviet reports lo COSPAfI 
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Use of the A~I and A - J for scientific su/^)lemental payloads 

In addition to flights which serve primarily a scientific purpose, 
the Soviets have used spare capacity on military flights for scientif- 
ic research purposes, and in the case of military photographic mis- 
sions. I he experiments can be recovered. Analysis of these flights is 
difficult, however, and depends upon Soviet announcements which 
often are not available until yeais after the flight. 

In the early days when it appeared that the ifiilitary photograph- 
ic missions used a modified Vostok spacecraft, it was assumed that 
any supplemental scientific payloads were carried in the descent 
module. With the additon of the Soyuz-class military reconnais- 
sance spacecraft, however, it may be that scientific experiments 
are carried in the main body as well as t instead of) in the recov- 
ery capsule. Observations » v the Kette.ing Group initially show 
which reconnaissance spacecraft should maneuver, which should 
not maneuver but return a capsule, and which should neither ma- 
ru'uver nor return a capsule. Missions which do not fit these pro- 
flies may carry supplemental scientific payloads, but without 
Soviet confirmation, little can be stated with certainW' 

Among thr tentative conclusions that can be cjjrawn is that one 
series of military photographic fiights aVso gave te^gineering sup- 
port to the techniques of launch, control, and recovery for subse-'^ 
quent manned fiights, and another group carried sensors and tele- 
vision cameras that gathered weather data which later led to a seo- 
arate series of weather satellites ia sustained, nonrecoverable 
night. r- 

On the basis Vail this foregoing discussion, it will be recognized 
that the missions listed in tables 10 and 11 must remain tentative 
until the Soviets release more information, but it does at least pro- 
vide a starting point for better analyses in the future. 

lABLE 10 lOtNIlFlABLL USE Of THE A- 1. A- 2, AND A-2-e FOR SCIENTIFIC ORBITAL MISSIONS 



/ \ A\] i% Mapping o( fadiation bells, in coniunclion with tIekUon 2 

>38 OCO -ihO Other half of dual payload single launch 

/ O40 40^ Mapping of /adiafjon belts. 6 months and I? hours out of 

f,h..\h 4')9 phase with Ihe preceding oair Dual pa>:oad. single 

launch 

Cosmic ray p'l^^afies chemol composibon and energy 
spectrum, meteonlic particles Recovered photoemulsion 
bloc and lontzation calorimeter Measured as high as 
1. 000.000. 000.000 electron bolls 

,'00 000 9S0 Interactiof^s of corpuscular gamma, x ray. and solar plasma 
»nU.*actions With magncJosphere 

,^00.000 S50 Repeat of Progno/ 1. plus French Solar wind eipenment 

?00 000 590 Similar to Prognoz I 

199 000-634 Do 

199 000 510 Do 

1 9/. 900 498 Similar to Progno/ 1 plus Uf>"r\] and Czech experiments 
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TABLf 10. IDENTIFi*BU USt Of THt A- 1. A^Z, AND A-2-e FOR SCIENTIFIC ORBITAL MISSIONS- 

Continued 



Year and nime 



19/8 Prognoi / 



1980 Progw^ - 



518 (A- 

?) 



609-610 
(A-1) 0 



65 (A~2-e) 



Mission 



202.965-483 Corpuscular and eiectromagnetic radiation of Sun. Interplan- 
etary medium, galactic UV and gamma, interactions with 
Earlli eleetromagnetosphere. Experiments also Ijy Hunga* 
ry, Czeciwslovakia, France, and Sweden. 

199.000- 550 Similar to Prognoz 7. Experiments also liy Poland, Czecho- 
slovakia, and Sweden. 



Noics 

1 ihrt liWe intiudts all fligMs uyng the A" class launch veJwle for scwiific missicns. ether thin those related lo manned nights or Iwlogicaj 
eiperimenis It ai« Mciud« Doih miiitj™ jnd cwl appficationj missions Some inahfsts in catoulatma the weigh! ol announced expentnents carried 
ifl the tirtifon flights \ugg^\ ify^ i!so had a fHJcJear dilBctlon or ea'hr wjmina mifitaty rote is m 

2 111-6 IS ifltfrtosmos 6. j joint espetimeftl ol the USSR with its Woe partners , u . 

3 the table Jrranges IV Highti by year, l/y name, by mclmalBn. and showing the apogee and penjee tn fcitoroeters for each All these launches 
mi Irom Fyurafam 

Source Data are from Soviet Tass buUetins. 



TABU 11.- IDENTIFIABLE OR POSSIBLE USE OF THE A-1, A-2, AND F-2 LAUNCH VEHICLES FOR 
KOSMOS SCIENTIFIC AND SUPPLEMENTAL PAYLOADS 



Hit m 
kmA No 



Pe<ii(ee 



tndina- 
tion 



Pckatuck or 
Maneuvering 
. engine 



RA£ Capsule 
report 



IHission desaiotion and notes 



196? 



4 


A 1 


330 298 


65 


0 


0 


; 


A 1 


369-210 


65 


0 


0 


9 


A 1 


358 301 


65 


0 


0 


1963 IS 


A 1 


3/M/3 


65 


0 


0 


1964 












45 


A ? 


32/ 206 


64 9 


0 


0 


6b 


A 7 


34? 210 


66 


0 


0 


1965 












G? 


A ? 


353 -21? 


65 


0 


0 


94 


A ? 


293-211 


65 


0 


0 


1966 












)09 


A ? 


309 209 


65 


0 


0 


12? 


A-1 


625-625 


65 


0 


0 


125 


A 1-m 


260-260 


66 


0 


0 


IH 


A 2 


319 214 


66 


0 


0 




A I 


305 198 


64 6 


0 


0 


196/ 












U3 


A 1 


302 204 


65 


0 


0 


134 


A 1 


535 hh 


812 


0 


0 


1968 












;n8 


A > 


m 20/ 


65 


p 


c 


AM 


A ; 


2/0 200 


518 


0 


0 


.\^8 


A-2 


259 206 


516 


p 


c 


232 


A 2 


352 20? 


65 


0 


0 


?43 


A ? 


319 210 


/1 3 


p 


c 


?•)! 


A 2 


2/0 198 


65 


M 


0 


1969 














A 2 


iJO 219 


/O 


M 


0 




A 2 


32} ?13 


o5 


0 


0 


2/9 


A ? 


280 194 


518 


0 


0 


280 


A 2 


2/2 206 


516 


M 


0 


293 


A 2 


2/0 -208 


513 




c 


309 


4 : 


384 203 


65 4 


p 


c 


31/ 


A 2 


302 209 


61)4 


M 


.0 



Geomagnetic, radiation, meteorological, t)k))ogical 
data 

Oo. 

Meleoroiogica! data. 
Oo. 

Do. 
Do. 

Meteorological and biological data. 
Biological data. 

Do. 

Weather satellite also doing infrared studies. 
Vehicle test also testing an ion-orientation 
system 

Proton, electron, radiation counters. 
Do. 

Ctiarged particles studies. 
Weather satellite also doing ionospheric plasma 
studies. 

Gamma flux and x-ray measurements. 
Atmospheric composition and luminescence, 
lonizmg radiation including cosmic rays. 
Passive microwave radio telescope. 
Do 

Gamma flux radio astronomy 

£xt:agalactic radio sou'ces. 

Neutral ?nd lon atmospheric composition 

Ion orientation test. 

Charged particles and meteorology. 

PiGkatMck probably tailed to separate. 

Possible repeat of Hosmos 208 mission. 

Charged panicles measurem^ts 
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•TABLE 11.- IDENTIflAHLt OR POSSIBLE USE Of THE A-1. A- 2. AND F-2 LAUNCH VEHICLES FOR 
KOSMOS SCIENTIFIC AND SUPPLEMENTAL PAYLOADS-Continued 





Koynos No 


Uunch 

/ — 


ApoffC 

w 


Mr*- 
tion 


PichJbadt or 


RAEUpute 
rapofi 




- - - 
















A .? 


191 919 
4t 1 "tit 


UJ 


p 

r 


c 

V 


RiflkKicsi and radiation stu^iiK 


Ifii 

Jo# 


A 9 

A- £ 


111 919 


79 Q 


p 

r 


r 

w 


Pavuup fTucfowavf* radio til#s/^)Qe 


1071 














iin 

#IU .... 


A 9 


9nn 9n7 


03 


p 

r 


r 




^co ... 


k 0 

h-i 


971 9nfl 




p 

r 


p 


¥.rM tnM*trnfTw(M ffamm^ flux ikUrtrnn fiui 


















A Q 


')9(; 911 


Oj 4 


p 

r 


r 


Parfirl^ ftiix and pxry^<t radiatinn nviawrMiMts 


4/U 


A 5 


979 1Q*i 


f)^ 1 
Oj.4 


p 
r 


r 

V 




10)1 














117 




19B 919 


79 Q 


p 
r 


r 

V 


Parfirl^ fhix and ptfMn radiafinn nva^iirimMts 





A 5 

... hi 


(JO fcUJ 


d 1 


p 
r 


c 

V 


Sftlar radiatinn and no^ic rav studv 





A 9 


'^in».9i9 


1 

00.4 


p 

r 


f 


Hish #n#rffv piMtron flux and cnsntic ravs 




A 9 


9Rl-.9nfi 


ftS 1 
Oj.4 


p 

r 


n 

V 


Mannino D#ndMw Farth rKnirc^s 




A-9 




79 Q 
icy 


p 

r 


p 




JX J 


A 9 


9Q9 908 


fiS 1 
Oj 4 


p 

r 


c 

V 


Do 


Kit 


A 9 


171 919 


fll 1 
01 4 


p 
r 


r 

V 


ManniRO opodpw Tarth r<KAur(yc 


tQ7^ 














jD£ 


A 9 


117 911 


'9 Q 


p 

r 


r 

V 




j3j 


A 9 


9^< 91fi 
^jj • £ 10 


81 1 
01 J 


p 

r 


f 


Dn 


<tf^1 
jOi 


A 9 


117 91S 


ftS 1 
Oj 4 


p 

r 


c 

V 


Aamma rav fplpvivtf for sa lactic studies 


3/0 


A' 9 


mfi 919 

JjO £ u 


79 Q 


p 


r 


Manoinp PMrii^w Farth rpsnurces 

ma^/^iiK, Kcvuvwji k,ai til icjvuiMVMa 


J70 


A ^ 


91 n 911 
jlU*-fl 1 


03 4 








bib 






79 Q 




p 




















A 9 


JlD-iUi 


f^9 0 
0/ 6 


0 

r 


p 




bjD 


A I 


Ttn 010 
JDU- £l£ 




0 

r 


p 


uo. 


Ob4 


A 9 
A-^ 


J04 il£ 


79 Q 


n 

r 


p 


Mannino oouvIacu Tarth rocArirrpc 


Ob? 


A £ 


QAA 91ft 
-£lU 


191 9 


D 

r 


p 


ncll|Jt|rVA/TCU dcilXnii. 




A 9 


JlD-fUl 


A9 fi 

Oi r 


0 

r 


p 




bUi 


A / 


1 J J 0 1 1 

- £1 J 


Ql 7 
Ol J 


D 

r 


p 




nn 














f C\} 


A 9 
A ( 


989 991 

£0J ££J 


0^ 0 


n 

r 


p 


On 


f{\ 


A ^ 
A ^ 


941 91ft 
j:4i 


ol J 


P 

r 


p 




f/o 


A ■) 
A / 


HA 911 


70 0 
0 


p 
r 


r 
l» 


rlaoi'la clCvUUjvl avA>v7iCialUi iCoi 




A ) 
A £ 




03 


D 
r 


/• 
t 


Udllillid idj iclcdtu^ <ui gala' 11^ diuuico. 


til 


A I 


7 AO 10 I 


CO 0 


D 

r 


p 
L 






A V 


/ol i:j4 


CO 0 
QC 0 


n 
r 


p 
b 


mapuinjj, gcUUCoj, Laiill IcXFUlWCd. 


tCf. 

/hS 




111 Oil 

JJl -ill 


T1 ft 

/Z 9 


n 

r 


p 
t 




I 7C 

/ 'b 


A ^ 


7! A- 907 


CO 0 
0( 0 


n 
r 


p 




/KO 


A ") 

1 A / 




OJ 


p 

r 


p 






- A "J 


) k 1 lie 


51 j 


D 

r 


p 


















811 


A ? 


361 21? 


/2 9 


r 


c 


Mapping, geo(Je$y. Earfh resources 


815 


A 7 


?54-?18 


813 


M 


f. 




81/ 


A 1 

A / 


74 7 J /O 

j4/ I/O 


03 




PO 




0 1} 


". A , 


J7t 1 QO 

jjO lay 




u 


r? 
L' 








> )0 100 

MX lolj 


bi 




r? 
L' 






A ? 


) A } 1 on 


C) 0 


ii 

m 


I. 






A 1 

A ; 


7 9 IXA 


Or 0 


p 

r 


L 




»5? 


A ? 


354 1/9 


65 


M 








A 


36^^ ?\7 


/?9 


P 


c 


Mapping, j^eodesy. Earth resoufces 








b5 


P 


c 


Science' 




A 


iM; ?\: 


/;-9 


P 


0 


Do 


If;.' 

.V)' 


A ; 


i^/ 


■* "i 


M 


f ■ 






A : 




\ 


P 


r: 




Si: 


A ? 


?5/ ?19 




P 


c 


I .pih "PS 




A .> 


3?/ >10 


65 


P 


c 


Science^ 




!A ; 


if :-)(' 


6; 8 


P 


1 


Do 
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TABLE II.^IDENIIFIABU OR POSSIBIF. USE OF THE A^l, A-2. AND F-2 LAUNCH VEHICLES FOR 
KOSMOS SCIENTIRC AND SUPPLEMENTAL PAYLOADS-ContinueJ 



948 A? 265-217 81 4 P C Earth resources. 

966 A 2 . 316 210 65 P C SCiWce' 

9/3 . M 2 348-210 71 4 P C Do 
1978 

988 ... A 2 363-210 72 8 P C Mapping, geodesy. Earth resources. 

989 A -2 354-178 65 M C? 
999 / A 2 376-180 71 4 W C 

1004 A 2 311-213 62 8 P 0 Scienca? 

lOlO A 2 257 218 814 M , C 

103? A 2 249 218 81 4 P ' C Do. 

1033 ... A-2 268- 223 81 4 P : C Earth resources. 

M^^'.o .. A'2 353-212 72 9 P v C Mapping, geodosy, Earth resources. 

1061 . A-2 333-211 62 8- P » C Scier.ce? 

1069 A-2 290-244 62.8 P \ C Mapping, geooejiy. Earth resources. 
19/9 

1070 A ? 316 214 62 8 P C Science' 

. 1099 . A 2 2/4-^224 81 4 P C Earth resources. 

110? A 2 288-222 81 4 P C Do 

1105 A 2 ?8I 221 814 P C Do. 

1106 A 2 264 ??2 814 P C Do. 
no; A 2 328-209 72 9 P C Science' 

1108 A 2 272- 224 81 3 P C Earth resources. 

1113 A 2 350-180 65 M C 

1115. f(i 263 222 81 4 P C Do. 

1119 1^7 7^1 '222 81 3 P' 0 Pickaback failed to separatf 

112J A 2 266 221 8M P C Earth resources 

1139 A 2 35/ 212 /2 9 P C Mapping, geodesy. Earth resources. 
1980 

1180 A ? 296 240 62 8 P C Science' 

1201 f2 2/4 220 82 3 P C Earth resources. 

1207 F 2 282 218 82 3 P' 0 Do 

1211 F? 261 -2 1** 82 4 P 0 Mapping. geod&.y. Earth resourcetj 

121? F 2 215 2 ' 82 3 P C Science' 



I INs 'aoie nc^udts i3uncfie$ Jhe A class uwl a recenl fhghls wtiich may use Ihe f-2) wtiise primary payload'is o< Ihe design ol 
»h< mjiiiary recoMatssance Dftotcgraph>c feco«'at)H; The n»gMs detected for inclusion aie those ^hui seem lo c^rry a suppiemwial paykjad 
*fiich s often »(x ^ntiftc ou'DOies Manned ^km'M Highrs and rhow wWfy dedwted to twtogy are excluded A very lew ottwr nomeciwerabje 
tiiffhh jfe -nciuded whfte the expenineni listed was tle^riy s«pol«mefltai In summaiy. tlie twkjRicai eipcnmcnt exceptions are Kosrnos HO. 60S. 
K^O JV 9?fi and ll?9 'V lattM S ftKh carryinj^ a ptcMbACk Wule The no(vtcmi\M llJghts wMh supplemenlai eipwiments are 
Hovnos WS jnil I}?4 

/ Ihf Sov*t iJnK)ft f\4s <Jeniitif(l suxJefnentai expenments. usually after tiie tact m scienlrfic lileralwe. frequentN u the Nffy years, arnl since 
■fM»n -^niy scoMdJUiN with non*' <i»ter 14/ 5 f'Ofr^ 1963 on. most but not all ot tt^ supplemtntil paykvids separated a ptcKabach capsule ic^a/d 
■i^ ?nd cl \te ftieht These separated parts nave not been ackno*Jedged by ine Scviet Umoo. although they a/e tracked by Western taoliHes 
ilccjsjcnaJN 't % fiard to disi-pguish betvrten a poaback payioad and a smatt maneuvering engine *t5ich may also be cast oft tale in tt)e fligtil 
dJSiincticn *3S reiativtN easy to make *tien cenam ctJ^factenstfC telemetry could be rwd by G( Perry ot ttte Kettering Group, but newer 
^ignaJ Jwmars tow ctocurp these data Repetitive patterns and analogy iwve liaa to be used to sort out some ot tf>e tliahts on wtiicti there <s not 
.lif <i ev'Oencf II ocssiWe ft^ere are a few misidefltilwt'ons *ithm ttw laNe. and one can only hope errors m included flights appfoximatety 
m^ifh other ^n-vs in ?ic'Kied thfitits ?he abserca ol identified suppiemenrai paytoids mentKXied by Soviet sources may mean eittier that they are 
^kM '0 twhii^h ' wtinu^ fM fhai the >ijpo»enient^yi)Know mjtitary :n nature 

\ t^l» '.iMe i{r.)»ip, titghts tjy i^ni show'./<e laiiiw vehicle, wlh apogee, and pengee m kilometers arKl inclination in degrees to it)e extent 
^ws'i.liM' 'V Txvs^ns .v? ciassifitd ^s 'c j/ether ttiey ''5!«afaji^ nothing (0). a pickaback [?). or a maneuvenng engine (Mj The adjacent 
oiu»T*ri fcr -eferercf ujv»»s Royai iiicraf tstat)lishment fRAE) assessment as lo wtwtNr a capsule (ptcKaback) (C) was or was fvjl (0) 
distipRiiJ^hefl f-nai!^. such miiiion.^tes are prcvrded as uitim^tefy reported by the USSR, or as deleimined by anatogy with other flights 

Soufj^s BasK t'ight iiie are t'om '^^vet TASS ouifetins Mission iishngs have emerged gradually ever the years m scattered Sovet sc«ntif!C 
.iipnt.:'f> rijv.if*^! ens ^i^^ f)een jidsrt by drawng cn 'tw Rov3t Aircrati Establishment Rcv«sed Tables of Earth OrbJl.*i Sate;l:tes (several 
,f«bfTM>^' UintimMiifh H^rr-. \M .-^i rhe ^dc^iificatron work ot CA Perry o* the Hettermg Grcup. further -urtptemented Oy suri.iises l«sed upon 
'i^4n»ti;pt ^ li t! v^un'Hi *n<!s {Vus in-<!ng'r*s 



PKEt:URSOR FLIGHTS WITHIN KOSMOS 

. Tables 12 and l:i provides a checklist of Kosmos flights which 
almost certainly were engineerinj^ tests and development flights 
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leading to operational systems which carried other names. This 
class in some small degree may overlap space failures. 

TABLE 12.-PRECURS0R FLIGHTS CALLED KOSMOS 







Manned Lunar 


Meteor A. I Vo$)ihodA>2 


Soyui A-2 


*STPA-2 SoyuMA-2 Venefa Ar2-< MolniyaA-2-^ ZofdA-2-« Undm^ - 

A-2«m 


44 47 


133 


638 670 , 21 41 159 379 


58 57 


140 


672 772 398 


100 


186 


869 434 


118 


188 


1001 


U2 


212 


1074 


144 


213 




156 


238 




184 


4SS 




206 


573 




226 


613 


• 




656 






TABLE 13.. 


-PRECURSOR FLIGHTS CALLED KOSMOS 


Reentry D-1 


fug' a<i 


s™D-1-« Z-xlO-l-. Manned LuMa«(SngD- 


881-882 




929 637 146 382 


997-998 




154 



1100- 1101 
v 



FLIGHT MISSION FAILURES DISGUISED AS KOSMOS 

Table 14 is a list of mission failures which received Kosmos 
names. Their missions are discussed in the appropriate sections of 
the three volumes of.this report, so will not be described here. 

TABLE 14.~PR0BABLE MISSION FAILURES DESIGNATED KOSMOS 



S(jyu/A-2 MafsA-?.e Vewa A-2-e LundA-2-« 'n<«fosmos salyul O-I Luna D-1 -« MarsO-l-e fOeSF l-/ 



(04/05/ /S) {10/10/60) 02/04/61 01/04/63 (06/04/75) • 557 300 419 09/17/66 

(10/14.60) 08/25/62 60 305 11/02/66 

10/24/62 09/01/62 111 ^ 

• 11/04/62 09/12/62 
27 
96 
167 
359 
482 



Notes 

; ^hii gfcuos Kosnios p^ecurw "igf>(s and laiiures by pfotaNe pfogram and launch rthjcle It pfOvKJes no nxxe than a handy cnecKhst. 
*ith deiaiK anafy^is. and quaiiticaticn^ o/ov'<I«J \n the ajjp/opfiate sectws ot prograni desatption 

SUMMARY OF KOSMOS FLIGHTS 

Table 15 summarizes those Soviet flights which have carried the 
name Kosmos, have parried other names, or remain unacknow- 
ledged, by various claisses of missions for the time span 1957-80. 

er|c y 7 
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TABLE 15.-SUMMARY RtCAPITUWTION OF KOSMOS. OTHER NAME, AND UNACKNOWLEDGED SOVIET 
•V * SPACE PAYLOADS BY MISSION CATEGORY, 1957-80 



Missttn Other name ^ wgeT ^^^'^ 



Primarily civilian* 

Uuncii pialforms. . 

Sciencfc 

Engineering 

Vehiv ^ tests 

CommunicatiOfls 

Weather 

Geotesy 

Farth resources 

Man-related 

Manned 

lunar man-reiated. 
Lunar manned . 
Moon (automated) • 
inward planets . 
Outward planets 

Subtotal . . 



Primarily military 
Reconnaissance 
Calibration 

Elint ferret . . . 
navigation. . . 
Tactical communtcalions 
Early warning . . 
FOBS . 

Ocean surveillance . . . 
Targets for AS/J 
ASATS 

Subtotal . . 
Total 

Notes 





I 


202 




42 


44 


80 


166 




2 




2 


14 


2 ' 




16 


6 


98 




104 


15 


36 . 




CI 

51 








18 


3 






J 


38 


21 




59 




51 . 




51 




c 

J ■ 




o 


4 


■ 24 


6 


34 


e 
D 




Q 

1 


97 

CI 


I 


9 


6 


16 


150 _ 


_ _ 30j^ 


302___ 


758 


501 






501 


119 






119 


67 






67 


57 






57 


247 






247 


20 






20 


16 




2 


18 


?6 






26 


16 .... 






16 








17 


.086 




7 


1.088 


.236 


306 


304 


1.846 



1 M^ion cjiejCfw Jts as dehned m laWes 10 ind 11 m pari 1 o. the study TDe tola: column also malcties the numhers given in those 
""f^ IM oeniiiicalion ot xosmos. oihef named missions, and unmanned distils is summamed liom appendu 111 ol pait 1 ol the study. 

The Interkosmos Program 

OVERVIEW OF INTERKOSMOS SCIENTIFIC MISSIONS 

The Interkosmos program was established in 1967 as a mecha- 
nism for fostering cooperation in space research between the Soviet 
Union and its allies. The original members, in addition to the 
Soviet Union itself, were Bulgaria, Cuba, Czechoslovakia, tlie 
German Democratic Republic, Hungai^, Mongolia, Poland, and Ro- 
mania. In 1979, Vietnam became the 10th membe.r. 

Table 16 lists the scientific Interkosmos flights, as well as other 
flights which have included international pirticipation. Countries 
outside the Sovie(Bloc have also cooperated with the Soviet Union 
in space science (primarily France and Sweden, and in three in- 
stances, tiie UiiiteH St^teakAs shown in the table, the Interkosmos 
scientific fiiphts originally us~eallIF-B--i-veh4<4£Jjii^^ 
The exceptions were Interkosmos 6, a recoverable nightiaununtd- 
from Tyuratam with the A-2 vehicle, and Interkosmos 8, which 
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was launched from Plesetflk. Cooperative flights from Plesetsk had 
occurred in 1968 and 1970, but since the site was not open even to 
Soviet Bloc technicians, the paytdada were labeled as Kosmos. Be- 
ginnffi^ with Interkosmos 10, th&JlA vehicle, with higher capabili- 
ties, replaced the smaller B-1, for launches both from Plesetsk and 
Kapustin Yrt. 

TABLE 16.-SUMMARY LIST OF SOVIET ORBITAL AND ESCAPE FLIGHTS WHICH CARRIED 
EXPERIMENTS OF OTHER NATIONS 



Flight name 



Uunch 
v«tHcie 



Uunch Site 



Apogee 



Perigee 



Mm- 
tion 



Hit^iii partKipdbng 
nations 



1968 



Dec. 19 


.. Kosmos 261 


B-1 


PI 


670 


0 1 7 

21/ 


7 1 
/I 
















Oct U 


IK 1 


8-1 


KY 




ocn 


HO. 9 


Dec 25 . 


IK-2 


B 1 


KY 


1,200 


206 


48.4 


19/u 














June 13. . . 


Kosmos 348 


B-1 


PL 


tan 

680 


212 


1 i 


Aue 7 


IK 3 


B-1 


KY 


1.320 


207 


49 


Oct 14 . . 


.. IK-4 


B-1 


KY 


668 


263 


48.5 


Nov. lU 


lima 17 






[unit 






19/1 














May?S. . 


. .. Mars 3 


D-l-e 


TT 


Mars ofbiter ... 






Dec 2. 


. IK-5 


B-1 


KY 


1,200 


20S 


48.4 


Dec. 27. 


Oreo! 1 


C-1 


PL 


0 (inn 






1972 














Apr 4 


MAS-1 


A~2-€ 


PL 


39.260 


480 


65.6 


Apr. ? .. . 


.. IK.-6 


A-2 


TT 


ICC 

2 DO 


2\J0 




m 29 


PfOgno/ 2 


A-2-e 


n 


200.000 


550 


65 


)une 30 


IK / 


B-1 


KY 


568 


26/ 


48.4 


Nov 30 


IK 8 


B 1 


PL 


679 


214 


71 


19/3 














Jan 8 


Luna 21 


D-1 ^ 


n 


Lunar lander . 


202 




Apr 19 


iK 9 


.B-1 


KY 


1.551 


48.5 


Aug 5 


Mar^ 6 


D 1-e 


n 


Mars lan(Jer ... 






Aug ^ 


Mar^ / 


0 1-e 


n 


Mars lander . 


264 


74 


Oct 31 


AtK 10 


C 1 


PL 


1.477 


Dec 26 


Orwt 2 


C-1 


PL 


1.995 


407 


74 


19/4 














May 1/ 


IK 11 


C 1 


KY 


526 


484 


50 7 


Oct 31 


IK 12 


C I 


PI 


708 


264 


74.1 


19/5 














Mar 2/ 


IK 13 


C-1 


PL 


l./U 


296 


83 


Apr 19 


Anabat 


c-1 


KY 


619 


563 


50.7 



Bulgaria, Czech., 
G.D.R., Hunga^, 
Poland, Romania, 
U.S.S.R. 

Czech.. G.D.R., U.S.S.R. 
Bulgaria, Czech., 
G.D.R., U.S.S.R. 

Bulgaria, Czech., 
G.D.R., Hungary. 
Poland, Romania. 
U.S.S.R. 

Czech.. U.S.S.R. 

Czech., G.D.R., U'^.S.R. 

France. U.S.S.1?:^ 



France. U.S.S.R. 
Czech.. U.S.S.R. 
France. U.S.S.R. 



France, (pickaback on 

U.SS.R.) 
Czech.. Hungary. 

Mongolia. Poland, 

U.S.S.R. 
France. U S S R. 
Czech.. G.D.R.. U.S.S.R. 
Bulgaria. Czech.. 

G O R . U.S.S.R. 

France. U.S.S.R. 
Czech.. Poland. U.S.S.R. 
France. US.S.R. 
France. US SR. 
Czech.. G.D.R.. Ukraine. 

USSR. 
France. U.S.S.R. 

Czech. GO R., USS.R. 
Bulgaria, Czech . 

G D R . Hungary. 

Romania. U.S.S.R. 

Czech.. USSR 
India. U.S.S R 
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TABLE 16 --SUMMARY LIST OF SOVIET ORBITAL AND ESCAPE FLIGHTS WHICH CARRIED 
EXPERIMENTS OF OTHER NATIONS-Continued 

Junes MAS-2 PL 40.890 450 63 France (pickaback on 

U.S.S.R.) 

July 15 . Soyuz 19 A-2 TT 225 223 51.8 U.S.S.R.. U.S.A. 

Nov. 25 Kosmos 782 A-2 PL 405 227 62.8 U.S.S.R.. Czech.. U.S.A.. 

France. Romania. 

Dec 11 . IK-14 C-1 PL 1.707 345 74 U.S.S.R.. Czecti.. 

Bulgaria. Hungary. 

1976 

ju.:e 19 IK-IS C-1 . PL 521 487 74 U.S.S.R.. Hungary. 

G.O.R.. Poland. 
Czech. 

.July 27 IK-16 C-l KY 523 465 50.6 U.S.S.R.. G.O.R.. Czech., 

Sweden. 

Sept. 15 Soyuz 22 A-2 n 280 250 65 U.S.S.R.. G.O.R. 

19/7 

Mar 29. Kosmos 900 C-l PL 523 460 83 U.S.S.R, G.O.R.. Czech. 

June 17. . . Sneg 3 C-l KY 519 459 50.7 France. 

Aug 3 - - Kosmos 936 A-2 PL 419 224 62.8 U.S.S.R.. CZKh., U.SA. 

France. 

Seot 22 Prognose A 2-e H 197.900 498 65 U.S.S.R.. France. Czech. 

Sept 24 IK-17 C-l PL 519 ^^68 83 U.S.S.R.. Hungary. 

Romania. Czech. 

Sepl 29 Saiyul6 O-l H 360 345 51.6 U.S.S.R.. G.D.R. 

1978 r 

Jan 10 Soyuz 27 A-2 H 350 330 51.6 U.S.S.R.. France. 

Mar 2 . Soyu/ 28 A-2 H 353 334 51.6 U.S.S.R.. Czech. 

June 27 Soyuz 30 A-2 TT 360 336 51.6 U.S.S.R.. PolarMj. 

Aug 26 Soyuz 31 A-2 H 354 339 51.6 U.S.S.R.. G.O.R. 

Sept 9 . . Venera 11 0-1-e H 1.11 a.u. 0.70 2.3 U.S.S.R.. France. 

a.u. 

Sept 14 .Venera 12 0- l-e H 1.11 a.u. 0 70 2.3 U.S.S.R.. France. 

a.u 

Oct 24 lK-18 C-l PL 786 407 83 USS R.. Hungary. 

G.O.R., Polarvj. 
Roman a. Czech. 

Oct 24 Maeion C-l PI 786 407 83 Czech. (pickalwcK on 

^ U.S.S.P.) 
Oct 30 Prognoz 7 A-2-e H 202.965 483 65 U.S.S.R.. hance. 

1979 

Jan 25 Meteor 1 29 Al H 656 628 98 U S.S.R.. G.O.R. 

fet) 25 Soyuz 32 A-2 H 338 308 51 6 U.S.S.R.. France. 

Feb 27 IK- 19 C-l PL 996 502 74 U.S.S.R.. Bulgaria. 

Hungary. Poland. 

Czech. 

Apr 10 Soyuz 33 A-2 Ti 353 292 51 6 USSR. Bulgaria. 

May 13 Progiess 6 A-2 H . 340 32f 51.6 U.S.S.R.. Bulgaria. 

June 7 BhasKara C 1 KY 557 512 50 ' India^ , , 

Sept. 25 . Kosmos 1129 A-2 PL 406 226 62.8 U.S.S.R., Czech.. U.S.A.. 

FrafKe 

Nov 1 IK-20 C-l PL 523 467 74 U.S.S.R., Hungary, 

G.D.R., Romania, 
Czech. 

1980 

May 26 Soyuz 36 A-2 H 355 328 51 6 USSR, Hungary 

July 23 ' " Soyuz 37 A-2 n 355 343 51.6 U.S.S.R . Vietnam. 

G.O.R 

Sept 18 Soyuz 38 A-2 n 355 343 51.5 U.S.S.R , Cuba, G.O R.. 

Bulgaria. 
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TABLL .RY LIST OF SOVIET ORBITAL AND ESCAPE FLIGHTS WHICH CARRIED 

EXPERIMENTS OF OTHER NATIONS-Contlnued 



UuKhiiiti fktMiu« JJJIg Uunclmte Apopo Pin|«t ^ 



Dec 25 Prognoi 8 A-2-e n 139,000 550 65 U.S.S.R.. PoUnd. 

Svnden, Ciecli. 



Notes 

I TtM til* s iNniM tc niitits «M rwcMd Urtti vtiit or ncjpt; it don no( indudi imncfi fiilurn or uMitiU 
II KcriMln «4 I wwty o( lissr fxperimm^ such placis ss ttit Tnumbi rioM m and it waiops ,wm. VA. 

Hit Frwdi Ariibil is CJiM AryMU by tm Indians: Bhaskari is caM BhisMr by the Mans. Sntf fS caM Stf ni ty ttie French. 

3 Liunrt mw an MiM « rr-.Tyunton. Pl-Hwetsk. or KY-Mwtin Yar. teotn and periiM are » Wtemeters. Inclinition ki defrew^ 

4 inid^ioir to the hirdwirt contrtuSnc nations iistid, usuaNy jp the case o( Interfomos fffhts and biotofical fli|hts, other members of 
tfitcnutmos either read out data and/or interprit the results. . « ... i _ T*ec - 

Sowcts Phiht data are from Soviet m buWHis. L*.wh sites and vehicies are from m ^ Pirtiapalini coufltiy to are from TASS or 
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Interkosmos 15 introduced a new satellite bus, the Automatic 
Unified Orbital Station [AUOS], which carries a larger payload and 
an advanced computer system capable of processing data before 
transmission to Earth. All launches in the Interkosmos series since 
then have jjsed the AUOS design, with the exception of Interkos- 
mos 16. 

INTERKOSMOS AND RELATED FLIGHTS! 1968-75 

Kosmos 261 and 348 

Kosmos 261 was launched on December 19, 1968, to study the 
upper atmosphere and the nature of the northern lights, including 
study of electrons and protons in the upper atmosphere, tho elec- 
tronics of super thermal energy, and changes in the density of the 
atmosphere during auroral activity. Seven Soviet Bloc countries 
participated in the mission. However, only Soviet technicians and 
scientists were allowed at Plesetsk for the launch of Kosmos 261 
and the follow-on launch of Kosmos 348 in 1970, Plesetsk was not 
opened to non-Soviet observers until 1972. 

Interkosmos 1 

Interkosmos 1 was launched on October 14, 1969, carrying equip- 
ment from the German Democratic Republic, the Soviet Union, 
and Czechoslovakia. Bulgaria, Hungary, Poland, and Romania par- 
ticipated in analysis of the data. The purpose of the flight was to 
study the effects of solar ultraviolet and x ray radiation on the 
structure of the upper atmosphere. 

Interkosmos 2 

Launched December 25, 1969, Inter kosmo^2 carried instruments 
froTi Bulgaria, Czechoslovakia, the German Democratic Republic, 
and the Soviet Union. Cuba joined the list of countries sharing in 
data analysis. The flight studied the concentration of electrons and 
positive ions in the Earth's ionosphere, th:. electronic temperature 
near the payload, and the mean electron concentration betw^een 
the payload and the ground receiving stations. The principal track- 
ing stations included two in Poland and seven in the Soviet Union. 
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Interkosnws J 

Interkosmos 3 was launched on August 7, 1970, with Czechoslova- 
kian and Soviet experiments. It studied the interactions between 
solar activity and the radiation belts of Earth, and the nature and 
spectrum of low frequency electromagnetic oscillations in the upper 
ionosphere. 

Interkosmos 4 

The next in this series of satellites was Interkosmos 4, launched 
on October 14, 1970. Equipment from the German Democratic Re- 
public, Czechoslovakia, and the Soviet Union was carried. The mis- 
sion was basically a repeat of Interkosmos 1, but with more sensi- 
tive instruments for measuring a wider range of energies. 

Interkosmos 5 

Interkosmos 5 was launched on December 2, 1971, and continued 
the work of Interkosmos 3 in the study of charged particles and 
low frequency electromagnetic waves. Czechoslovakia and the 
Soviet Union provided the equipment, and synoptic readings were 
taken at ground stations in Czechoslovakia, the Soviet Union, and 
the German Democratic Republic. 

Interkosmos 6 

Launched on April 7, 1972, Interkosmos 6 was the only Interkos- 
mos payload to use the large A-1 launch vehicie which could carry 
a larger paylo.ad and permitted payload recovery. Interkosmos 6 
studied +he cl.omical composition and energy spectrum of cosmic 
rays. The photoemulsion unit and ionization calorimeter used for 
these studi es were made in the Soviet Union according to specifica- 
tions developed in Hungary, Mongolia, Poland, Romania, Czecho- 
slovakia and the Soviet Union. A meteorite experiment was also 
carried and was developed and manufactured in Hungary, Czecho- 
slovakia and the Soviet Union. The payload was recovered after 4 
days. 

Interkosmos 7 

Interkosmos 7 was launched on June 30, 1972, and continued the 
studies begun on Interkosmos 1 and 4 on short wave radiation and 
hard x rays from the Sun. It carried equipment made in the 
German Democratic Republic, Czechoslovakia and the Soviet 
Union, and observed many solar flares not seen from Earth sta- 
tions. 

Interkosmos 8 

Launched on December 1, 1972, Interkosmos 8 was the first Ir 
terkosmos satellite launched from Plesetsk. The satellite carried an 
ion trap and Largmuir probe made in Bulgaria, a Mayak transmit- 
ter and recorder from the German Democratic Republic, a high fre- 
quency probe from Czechoslavakia, and an ionospheric gas dis- 
charge counter and other equipment from the Soviet Union. Spe- 
cialists from the participating East European countries were al- 
lowed at Plesetsk for the first time to observe the launch. 
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Interkosmos 9/KofHfrnik 500 

The ninth launch in the Interkosmos series, Kopernik 500, 
named in honor of the 500th birthday of Copernicus, came on April 
19, 1973. Its mission was to measure solar radiation and the ionos- 
phere, and the equipment was developed by the Soviet Union and 
Poland (the country where Copernicus was born). The telemetry 
system was Czech and data were received at ground stations in the 
&)viet Union and Czechoslovakia. 

Interkosmos 10 

Interkosmos 10 was the first in the Interkosmos series to use the 
C-l launch vehicle and was launched from Plesetsk on October 30, 
1973. The payload carried East? German and Soviet equipment to 
determine the concentration and temperature of ionospheric elec- 
trons, Soviet apparatus to measure magnetic field variation, and 
Czech equipment to study low frequency electric oscillations of 
plasma. 

Interkosmos 11 

Interkosmos 11 was launched May 17, 1974, and was the first C-1 
Interkosmos launch from Kapustin Yar. The satellite continued 
studies of the solar ultraviolet and x ray radiation and took meas- 
urements in the upper atmosphere. The experiments were pr ovided 
bv the German Democratic Republic, the Soviet Union and Czecho- 
slovakia. 

Interkosmos 12 

Launched on October 31, 1974, Interkosmos 12 continued studies 
of the atmosphere and ionosphere and flow of micrometeorites. It 
carried a micrometeorite analyzer made by Hungary, the Soviet 
Union and Czechoslovakia, an East German instrument to measure 
electron concentration, Bulgarian and Soviet equipment to meas- 
ure positive ion and electron temperature, Soviet and Czech mass 
spectrometers, a Romanian mass spectrometer calibrator, an East 
German memory unit and a Czech Mayak radio transmitter. 

Interkosmos Li 

Interkosmos 13 was launched March 27, 1975, to study dynamic 
proces.ses in the magnetosphere and the polar ionosphere. It car- 
ried equipment from the Soviet Union and Czechoslovakia. 

Interkosmos 14 

Launched on December 11, 1975, Interkosmos 14 carried equip- 
ment from Bulgaria, Hungary, Czechoslovakia, and the Soviet 
Union to study low-frequency electromagnetic fluctuations in the 
magnetosphere and to measure micrometeoritic intensity. 



Interkosmos ir> was launched on June 19, 1976, from Plesetsk 
with a C-1 vehicle. The satellite was placed in a 521 by 487 km 
orbit, inclined at 74% with a period of 94.6 minutes. This mission 
tested a new payload called the automatic universal orbital station 
lAUOSl which carried a greater volume and weight of scientific 



INTKRKOSMOS 15— TEST OF THE NEW AUOS PAYLOAD 
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equipment than previous Interkosmos payloads, and could be con- 
trolled at any point in its orbit, not just over the ground command 
stations. A new unified telemetric system [YeTMS], for digital data 
transmission, was also tested. The YeTMS used an advanced com- 
puter designed to process the data before it was transmitted to 
ground stations.^* Hungary, Poland, the German Democratic Re- 
public. Czechoslovakia, and the Soviet Union jointly developed and 
produced the telemetric system. Data were received in Hungary, 
East Germany, Czechoslovakia, the Soviet Union, and later in Bul- 
garia and Cuba. ^2 The AUOS and YeTMS introduced a new gen- 
eration of Interkosmos satellites. 

INTERKOSMOS 16 

Interkosmos Ki was launched with a C~l vehicle on July 27, 
1976, from Kapustin Yar into a 523 by 465 km orbit inclined at 
50.6', with a 94.4 minute period. The satellite continued studies of 
ultraviolet and x ray radiation from the Sun and the effect of this 
radiation on the Earth's upper atmosphere. 

In addition to the Soviet Bloc countries, Sweden participated in 
this mission by providing equipment for research on the polariza- 
tion of resonance lines in the far ultraviolet region. Equipment on 
Interkosmos 16 included: a multichannel photometer made in 
Czechoslovakia for research on solar flares in the energy region 0,3 
to 60 KeV, a photometer made in east Germany to measure the 
concentration of wiolecular oxygen in the Earths upper atmos- 
phere, a spectropolarimeter made in Sweden for research on solar 
flares, and a Soviet made spectroheliograph for research on x ray 
linear spectrum flares and active formation on the Sun.'^ Simulta- 
neous ground observations of the Sun were made by Bulgaria, Hun- 
gary, the German Democratic Republic, Czechoslovakia and the 
Soviet Union. 

Interkosmos 16 was the last in a series of launches for solar re- 
search, w hich had included Interkosmos 1, 4, 7, 11, 16, and Vertikal 

I 

•t. 

INTERKOSMOS 17 

Int(»rk()smos 17 was launched September 24, 1977, from Plesetsk. 
A C-1 vehicle put ine satellite into a HID by 468 km orbit inclined 
at with a period of 94.4 minutes. Experiments on the satellite 
continued research begun on Interkosmos 5, and 1!^ on the rela- 
tionship between solar activity and the Earth's upper atmosphere. 
It carried etjuipmont developed by the Soviet Union, Hungary, Ro- 
mania, and C/echoslovakia to study the distribution of energetic 
char^^ed and neutral particles and micrometeorite streams in near- 
Earth space.*** 

Interkosmos 17 used the AUOS and YeTMS equipment tested on 
Interkosmos 1"). K<iuipment included differential proton and elec- 
tron detectors for ^e^^sterinK weak cosmic rays, both made by the 

' • Y»«/hfi4(>dnik Ji<ilsh(»v Sovt-tsky KntMkl()|H*<iii. i***^'*^' Moscow V 
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Soviet Union; a device for meaHuring the temperature of ionospher- 
ic electrons, made by the Soviet Union and Czechoslovakia; f. spec- 
trometer for high energy electrons made by the Soviet Union and 
Romania; a device for measuring neutron streams with low-level 
energy made by the Soviet Union and Czechoslovakia; and a device 
for measuring isotopes of solar streams captured by the Earth's ra- 
diation fields, made by Czechoslovakia. Other equipment gathered 
data relative to manned space flight including an electric analyzer 
made i i the Soviet Union and Czechoslovakia for measuring low 
energy protons and electrons, and two dosimeters developed by 
Czechoslovakia, Bulgaria and the Soviet Union for measuring radi- 
ation absorption by different materials, 

1NT£RK0SM0S 18 AND MAGION 

Interkosmos 18 was a dual launch of the Interko^aios 18 satellite 
plus the smaller Magion satellite developed by Czechoslovakia (see 
figure 12). The two spacecraft were launched on October 24, 1978, 
by a C-1 launch vehicle from Plesetsk. 
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Figure 12.— The current Interkosmoe satellite series (from Interkosmos-lS on) has 
used a standardized design consisting of eight deployable solar panels around a 
cylindrical core. They are either Earth-orierted with a gravity gradient boom, or 
are solnr oriented as was Interkoemos-lS, shown here. The small Czech subsatellite 
waH separated on the 2l8t day in orbit. 
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The two sateflitoH went into a !78() by 407 hn orbit inclined M 
8:r, with a 90.4 minute period. Interkosmos 18, which Used an 
Alios bus and a YeTMS system, conducted studies of the electro- 
magnetic relationships between the Earth's magnetosphere and 
ionosphere and of low-frequency radio waves in the circumterree- 
trial plasma. The onboard equipment included a three component 
SG-R magnetometer made 4n Romania and the Soviet Union; a 
Gb«fl*ged particle electrostatic analyzer made in the Soviet Union to 
measure the energy spectra and the dii^trUwtion pf- electrons and 
protons; a low-frequency analyzer made in Czechoslovakia and the 
Soviet Union to measure the components of electromagnetic fields; 
a Soviet-made plasma electric parameter analyzer; Langmuir 
probes made in East Germany to measure density and temperature 
of plasma electrons; a device made by the Soviet Union and 
Czechoslovakia to measure electron temperatures; a flat ion trap 
made in East Germany to determine ion temperatures, concentra- 
tion and mass composition; and a mass spectrometer made in 
Czechoslovakia and the Soviet Union. 

The IT) kilogram Magion satellite separated from Interkosmos 18 
on November U, 1978. Magion flew in o trajectory very close to the 
parent satellite and conducted similar studies of low-frequency 
electromagnetic fields in near-Earth space. Magion carried a new 
experiment called "MAGIK" (for MAGnetic InterKosmos). Com- 
parisons between the measurements made by Interkosmos 18 and 
Magion allowed scientists to separate tei.iporal factors ftbm spatial 
factors. Magion was the first artificial satellite to be developed and 
built by Czechoslovakia; only the electric power and heat regula- 
tory systems were built by the Soviets. ^« Transmissions from 
Magion at 137 MHz consisted of pulses which were interrupted by 
musical tones at time when the satellite was transmitting to 
ground statio is in Czechoslovakia. 

INTERKOSMOS 19 

In.vrkosmos 19 was launched on February 27, 1979, carrying 
eqviipment developed in Bulgaria, Hungary-, Czechoslovakia, and 
the Soviet Union. The satellite was launched by a C-1 launch vehi- 
cle from Plesetsk into a 996 by 502 km orbit, inclined at 74°, with a 
period of 99.8 minutes. Experiments continued research on tne 
Earth's ionosphere, wave processes and radio propagation in iono- 
spheric plasma. Interkosmos 19 carried a Soviet designed iono- 
spheric fetation and an instrument to study photoelectric pulses and 
electron showers, a Bulgarian optical spectrometer to record atmos- 
pheric glows in polar and equatorial regions, a Bulgarian instru- 
ment to study electron concentration and temperatures in the 
upper atmosphere, a Soviet Mayak transmitter, a Polish radio spec- 
trometer, and a Soviet plasma analyzer. High and low frequency 
probes developed oy Czechoslovakia for measuring electron tem- 
peratures and the distribution of thermal electrons were also car- 
Data from Literkosmos 19, Interkosmos 18, M:urion, and two 
American satellites were jointly analyzed by sciential in the Soviet 
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Union, the United States, and Japan. The SojOiets combined the re- 
sults from Interkosmos 18, Magion, and Interkosmos 19 in a pro- 
gram they called "International Investigations of the Magneto- 
sphere." . , « , 

From January to April 1979, the Soviet Union joined bweden, 
J^rance, and Austria in conducting the synchronous auroral multi- 
ple balloon observation [SAMBO] experiment for further magneto- 
spheric research. The four countries launched balloons and rockets 
from. Kiruna, in northern Sweden, and data from the satellites, bal- 
loons, and rockets were coordinated with ground observations for 
mapping the geophysical parameters of plasma, magnetic and elec- 
trical fields at different altitudes. 

INTERKOSMOS 20 

Interkosmos 20 was launched from Plesetsk on November 1, 
1979, by a C-1 vehicle into a 523 by 467 km orbit, inclined at 74°. 
with a pfricxi of 94.4 minutes. The nrimary mission was oceano- 
graphic rc'-search, and the spacecraft served as an information relay 
between buoys and platforms placed in various parte of the ocean, 
and the' control center Pi Tarusa. Data was gathered on zones of 
biological productivity in the ocean and sea surface temperatures. 
The equipment was developed ;n Hungary, the German Democratic 
Republic, Czechoslovakia, and the Soviet Union. Interkosmos 20 
was the first applications satellite in the Interkosmos series.*^ 

Thk Prognoz Program 

The Prognoz series was developed to conduct solar research for 
scientific purposes, as well as for weather reporting and solar flare 
prediction for planning manned flights (see figure 13). Kosmos 159, 
launched May 17, 1967, may have been the first Soviet solar re- 
search satellite, but no results were noted in the literature, and the 
fli^t was not repeated. 



" l/.vestiya. Moscow. Mar .1. U)7il, p :{ 
' " Izvtwtiya. Moscow. Nov. ii. 1979. p -i. 
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Figure 13.— Prognoz 1-8 were 0.7 to 0.9 metric ton satellites launched into highly 
elliptical orbits with periods of Just under 100 hours. They were used for geophysical 
studies. 

'ROONOZ 1-4 

Prognoz 1 was launched from Tyuratam on April 14, 1972, by an 
A-2-e booster into a highly wlliotical orbit (200,000 by 950 km), in- 
clined at 65'. The satellite, \nth a mass of 845 kilograms, carried 
equipment for studies on corpuscular, gamma, x ray, and solar 
plasma interactions with the magnetosphere. 

The spin stabilized spacecraft was a pressurized cylinder with 
hemispherical ends, four solar panels, and various external instru- 
ments and antennas. Experiments included an x ray spectrometer 
and proportional counter for the 1,500 to 80,000 electron volt range; 
a scintillation spectrometer for gamma rays in the 30,000 to 
350,000 electron volt range; a spectrometer for measuring the 
proton flux in the 1 to 35 million electron volt range; a Cherenkov 
counter for measuring electrons in the 40,000 to 140,000 electron 
volt range; a scintillation spectrometer for measuring protons in 
the 30,000 to 210,000 electron volt range; a device for measuring 
the solar wind; a device for studying radio emissions in the 1.6-8 
kiloHertz range and the 100-700 kiloHertz range; a magnetoirieter; 
orientation detectors; and dosimeters. 

Prognoz 2, launched June 29, 1972, apparently was a repeat of 
the earlier flight. In addition to the equipment flown on Prognoz 1, 
it carried a French solar wind experiment. 

Prognoz 3 was launched on February 15, 1973, and carried in- 
strumentation similar to its predu(cessors. 
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A report in early 1974 implied that all three payloads were still 
active, and that the devices were calibrated periodically, but a 
report on Februaiy 16, 1974, as Prognoz 3 began its second year, 
mentioned only that satellite as still being active. At that time, 
there had been 160 radio sessions with Prognoz 3. 

Almost 3 years after the launch of Prognoz 3, the program was 
renewed with the launch of Prognoz 4 on December 22, 1975. The 
satellite was described as being similar to its predecessors, except 
that its mass was a little greater (905 kilograms). 

PROGNOZ 5 

Prognoz 5 was launched on November 25, 1976, into a 199,000 by 
510 km orbit, inclined at 65% with a period of 95 hours and 13 min- 
utes. It carried instruments for studying corpuscular and electrc>- 
magnetic radiation from the Sun and solar plasma, and magnetic 
fields in near-Earth space to determine the effect of solar activity 
on the interplanetary medium and on the Earth's magnetosphere. 
Two French experiments measured the electron flux in solar wind, 
and helium and hydrogen concentrations. Prognoz 5 carried a radio 
transmitter which operated at 928.4 MHz.^^ 

PROGNOZ 6 

Prognoz 6 was launched September 22, 1977, and was virtually 
identical to earlier Prognoz flights. The spacecraft was launched 
into a 197,900 by 498 km orbit, inclined at 65', with a period of 94 
hours and 48 minutes. 

In addition to the types of experiments carried on earlier Prog- 
noz missions, this spacecraft carried the French Galatika 1 experi— ^ 
ment for research on galactic ultraviolet rays.^" The Soviet Union 
and France also performed joint research on the interplanetary en- 
vironment, the concentration of hydrogen and natural helium, and 
the corpuscular content of solar plasma.^ ^ Czechoslovakia contrib- 
uted equipment for studying ti.e proton and electron content of 
solar flares. Similar data on solar flares was collected by Prognoz 5 
and Venera 11 and 12. The integral peak flux and density depend- 
ence was analyzed in relation to kinetic energy. Prognoz 6 found 
that the number of high energy protons undergoing stochastic par- 
ticle propagation depended on the speed of the shock wave.^^ Prog- 
noz 6 detected a rare solar flare with energy levels higher than 500 
MeV/^^ and gathered gamma ray data in coordination with Prog- 
noz 7. Signe 3 and Venera 11 and 12 as a part of the Signe II MP 
program (Solar International Gamma Ray and Neutron Experi- 
ments). Both Prognoz 6 and 7 carried RGS-^IM radiation measur- 
ing instruments which had an analyzer of fine temporal structure 
for the study of solar x-ray flares. Prognoz 6 also carried an 
AYaKS spectrometer which detected nine ion-rich events associat- 
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ed w th solar flares. Ion-rich events occurred when there was a 
widfc range in the kinetic energies of accelerated nuclei. ' 

PROGNOZ 7 

On October liO, 1978, Prognoz 7 was launched to continue the 
work of previous Prognoz flights. The spacecraft was placed into a 
2i)/9(v> by m km orbit, inclined at 65', with a period of 98 hours 
and 8 minutes. Equipment included a Swedish electromagnetic ana- 
lyzer [PROMICS], a Soviet magnetometer, a Czech x-ray photome- 
ter, and the French Galaktika 2 instrument for recording spectra 
of ultraviolet radiation sources. Czechoslovakia, Bulgaria, and the 
Soviet Union cooperated on a set of experiments on the distribu- 
tion of ion streams in the solar wind. , u C • * TT«4«« 
Prognoz 7 also carried equipment developed by the Soviet Union 
and France to conduct research on x-ray and gamma radiation, cor- 
puscular emissions from the Sun and high energy^ particles in the 
upper atmosphere of the Earth.^e Data analysis irom the gamma 
ray ex|)eriments on Prognoz 7 was coordinated with observations 
by similar experitiients on the U S. Pioneer Venus Orbiter the 
Soviet Venera 11 and 12 spacecraft, and International Sun-Earth 
Explorer-3 [ISEE-Ji], a joint Program mvolving the Umte^^ 
and the European Space Agency. On April fa, 1979, Prognoz 7 and 
other spacecraft recorded a gamma ray burst with^^^^'lflf^^P'''^ °^ 
0.2 seconds duration and a spectral feature near 400 KeV. 

In coordination with Venera 11 and 12, Prognoz 7 studied the ef- 
fects of solar wind prr.p«gation in the interplanetary plasma^ The 
instruments used to measure the solar wind's heavy ion content in- 
cluded an electrostatic ion analyzer in an SKS Pl^sma spectrome- 
ter The wind's parameters were measured at a velocity ot to 
:m kilometers per second, with an ion concentration ot approxi- 
mately 8-40/cubic centimeters, proton temperatures of approxi- 
mately 20,000 to 50,000 K, and alpha particle temperatures in the 
same range or lower. During the period of the study, a high concen- 
tration of heavy ions in the solar wind was noted. " ^ ^. , , 

Prognoz 7 gathered data on the nature of the Earth s plasma 
mantle, particularly the high latitude boundary layer, which indi- 
cated that the northern component of the interplanetary magnetic 
field alters the upper layer structure of the plasma mantle. Ihe 
inner part of the boundary was relatively unaffected.''^ . 

Prognoz 7 also studied the solar wind, with special emphasis on 
the region of interaction between the slow solar wind and a last 
flux ({Sssibly from a low-latitude coronal hole) Data showed that a 
boundary separated the region into a bow shock wave with a dense 
hot, turbulent magnetoplasma and a reverse ^hock wave with a 
strong, regular magnetic field and a cold plasma. Momentum ac- 
quired by the slow wind in the bow wave is four times greater than 
the momentum lost by the fast flux in the reverse wave.^" 



P. 4.')7. 



>^ Uvest.ya Seriia K.zicheskaia. vol 4.^. Apnl I9,>*V„ G •^"i'*'"' 
'« Ye7.heKodnik Bolshoy Sovetskoy Entisklonedii. l^^^- "osc' 
A.strophy8ical .Journal, vol 245. Apr- 15. 19K1 PP. f •^r^''"' 
" Ko«rmcheskiye Issledovaniya. vo IH. No. Pd 7bl-7fab. 
" Kosm.chwkiye ls«ledovaniya. vo . 20. .March-Apnl 19«f • PP ^^^^^^ 
■■"n K«i»mK-hMkiye Issledovaniya. vol 20. July-August 19H2. pp. ^tb-.>l\. 
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pkoc;noz 8 

Prognoz 8 was launched on December 25, 1980, carrying ins", i- 
ments from the Soviet Union, Poland, Czechoslovakia, and Sweden. 
The spacecraft was placed into a 199,000 by 550 km orbit, inclined 
at 65', with a period of 95 hours and 23 minutes. Its mission was to 
st idy the influence of the Sun's particle and electromagnetic radi- 
f ion and plasma streams on interplanetary space and Earth's 
magnetrosphere.^ ^ 

The equipment on Prognoz 8 included: a spectrometer made by 
the Soviet Union, a charged particle detector made by the Soviet 
Union and Czechoslovakia, two spectroanalyzers also made by the 
Soviet Union and Czechoslovakia, an ultralow energy spectrometer 
made by the Soviet Union and Poland, two magnetometers made 
by the Soviet Union, and an x-ray solar photometer made by the 
Soviet Union and Czechoslovakia, and a PROMICS charged parti- 
cle experiment (similar to the one on Prognoz 7) made by 
Sweden. 

The spacecraft returned data on solar wind interac ion with the 
Earth's magnetosphere and on the structure of the boundaries of 
the magnetosphere. The Soviets hoped this information would con- 
tribute to an understanding of the ability of solar particles to pene- 
trate spaceship cabins, and they use information on the Sun and 
the magnetosphere to forecast favorable times for launching space- 
craft 

THE SOVIET LUNAR PROGRAM 
First Generation Lunar Flights 

LUNA 1 

At the end of 1958, the Soviets announced that their first lunar 
mission would come soon, and on January 2, 1959, Luna 1 was 
launched. The vehicle launched to the Moon had a total mass of 
1,472 kilograms, which included the spacecraft itself, whose mass 
was 361.3 kilograms, plus the final stage of the carrier rocket, with 
a mass of 1,111 kilograms (see figure 14). 

The payload included a few geophysical instruments in a spheri- 
cal container, and a package of various metallic emblems with the 
Soviet coat of arms. Its high velocity, coupled with the inclusion of 
the Soviet emblems, led to the conclusion in the West that the 
spacecraft was intended to strike the Moon, but it missed its target, 
and flew by the Moon at a distance of 5,000 to 6,000 kilometers. Its 
orbit was deflected by lunar gravity, and it became the first artifi- 
cial satellite of the Sun. Luna Ts batteries were depleted by Janu- 
ary 5, when it was 600,000 kilometers from Earth. Yurity Gagarin 
acknowledged later that the mission had, in fact, been to strike the 
Moon.^^ 



Yezhtyodnik Bolshoy Sovetakoy Kntsiklopedii. 19)U. Moscow, p 479 
^MJrahn. Svcn and Cla<?«-Goran Boin The Sky is not the Limit: SSC and the Swedish Space 
Effort Stockholm Swedish Space Corp . 19H2. p. 49. 
•'^♦Tass. Feb IH. 19X1 i:^56 GMT 

^* Reuter. Moscow, July 29, 1961, quoting hia letter to the magazine. Soviet Lithuania. 
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LUNA 2 

On September 12, 1959, the Soviets launched Luna 2 in a second 
attempt to strike the Moon, and this time it was successful, hitting 
the Moon about 435 kilometers from its visible center the next day 
(8t*e figure 14). 

LUNA 3 ^ 

A much more complex spacecraft operation was launched on Oc- 
tober 4 1959. Luna 3, referred to as an Automatic Interplanetary 
Station! flew past the Moon at about 7,000 kilometers (see figure 
14) The spacecraft then stabilized itself and took pictures ot the tar 
side of the Moon, which had never been seen before. The photo- 
graphs were developed on board, and then transmitted back to 
Earth in facsimile form on October 18 when the probe s barycentric 
orbit brought it close to the Earth agaNn. A second attempt to 
transmit at a point closer to Earth was not accomplished. 



LUNA 1 LUNA J LUNA -3 




f) O.n.Woodi 1984 

FicuRK 14 -The Luna-1. -2, and -3 spacecraft, launched in 1959, accomplish^ 
severa spectacular firste for the Soviet Union- Luna-1: first lunar fly-bjf and first 
S orffi Una-2: first lunar impact; Luna-3: first photographs of Moon s far side. 

The pictures were very indistinct, but through computer en- 
hancement, the Soviets were able to prepare a tentative atlas of 
the far side of the Moon. Some individuals charged that the pic- 
tures were forgeries, but the^y were proven wrong when some ot the 
same features eventually were found in later pictures taken by 
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U.S. Lunar Orbiter spacecraft. For example, Lunar Orbiter 4 found 
the Tsiolko\3kiy crater originally discovered in the Luna 3 pic- 
tures. 

Lujift 3 was'equippefl with solar panels instead of batteries, so 
had a much longer active life than its predecessors. After 198 days 
in space, however, itt- orbit had brought the spacecraft through the 
Earth's atmosphere enough times hat the orbit decayed through 
atmospheric drag. 



The First generation of lunar flights had used the A-1 launch ve- 
hicle for direct injection into flight toward the Moon, thereby limit- 
• ing the amount of payload that could be carried to about 400 kilo- 
grams. 

In 1960, a new upper stage was introduced for the planetary pro- 
gram which enabled the &)viet8 to increase the mass of the pay- 
load sent to the Moon to 1,400 kilo^ams, not including the weight 
of thr escape rocket. (For further mformation on launch vehicles 
and upper stages, see part 1, chapter 1 of this report.) As . a result, a 
more ambitious lunar exploration program could begin. 



The first improved lunar rocket was launched on January 4> 
1963, but it failed to leave Earth orbit. The Soviets did not ac- 
knowledge the failure, and it went unannounced until the United 
States disclosed it in connection with five Soviet planetary failures 
also stranded in orbit in 1962.^^ 

Luna 4, with a payload mass of 1,422 kilograms, was launched 
successfully on April 2, 1963. Unfortunately, it missed the Moon by 
8,500 kilometers, and entered a barycentric orbit around the Earth. 



On March 12, 1965, a lunar mission was launched, but it failed to 
leave Earth orbit. The Soviets designated it Kosmos 60. 

Luna 5 was launched on May 12, but its retrorocket system 
failed, and it impacted the Moon m the Sea of Clouds. 

Luna 6 was launched in June, but a midcourse correction maneu- 
ver failed and it missed the Moon fay 160,000 kilometers. Although 
it may have gone into a barycentric orbit, it probably entered a he- 
liocentric orbit. 

Luna 7 was launched on October 4, but retrofire and cutoff oc- 
curred too early and it did not survive its impact in the Sea of 
Storms. 

Luna 8 was launched on December 3, but this time retrofire was 
late, and it also did not survive impact in the Sea of Storms. 

Throughout these flights, the Soviets never described their exact 
missions, but Western experts assumed that they were meant to 
make survivable landings on the Moon. The Soviets finally con- 



»*lA»tter of June from Ambassador Adlai E. Stevenson to the Secretary General of the 

United .Nations 
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19b3 LUNAR FLIGHTS — LUNA 4 



1965 LUNAR FLIGHTS— KOSMOS 60, LUNA 5-8 
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firmed this in 1966, alter they had achieved successes with this 
type of mission." 

19«6 LUNAR FLIGHTS— LUNA 9-13 AND KOSMOS 111 

Luna !) 

Luna 9 was launched on January 31, 1966, and a day later the 
Soviets announced that it was an attempt to make a soft landing 
on the Moon (see figures 15 and 16). This time they were successful, 
and at 21:45:30 hours Moscow time on February 3. 19bb, Luna y 
became the first spacecraft to majce a survivable lunar landing, set- 
ting down in the Sea of Storms at 7^8' N., 64^22 W. 

The Soviets released mdre details about the spacecraft now that 
they had a success. The payload had a mass of 1.538 kilograms, and 
consist^^d of three basic parts: the automatic lunar station itself 
which was to make the survivable landing on the Moon; motor 
units for making midcourse corrections in trajectory and for Drak- 
ing on approach to the Moon; and compartments containing equip- 
ment to control the flight. 
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PirM.BF r)-Luna-9 made the first successful soft lunar landing in 1966 The 
the engine and separated the capsule at the surface. 



'•T:ws. Apr 1. t)7:.»U;MT 
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FiQURK 16.^nly two soft lunar landing attempts were succeesful uaing the A-2-e 
launch vehicle: Luna 9 and Luna 13. Using batterv power, they returned several ftill 
panoramas of their immediate surroundings on the lunar surface. 

The lunar station had a total mass of about 100 kilograms, and 
was a hermetically sealed container with radio equipment, a pro- 
gram timing device, thermal regulation systems, scientific exper 
ments, power sources, and a television camera (which weighed 1.5 
kilograms). The spacecraft had shock absorbers to soften the 
impact upon landing, after which four petals which had protected 
the television system were opened outwards. The extended petals 
stabilized the craft on the surface. Spring controlled antennas 
could then flip into their operating positions, and the TV camera's 
rotatable mirror system enabled a panoramic survey of the sur- 
roundings. 

The propulsion unit consisted of a rocket chamber with a pump- 
ing system for the propellants, flight stabilization controls and fuel 
tanks. The control compartments contained a complex of gyroscop- 
ic and control instruments, electronic-optical devices for orienta- 
tion of the station in flight, a system for radio control in orbit, a 
program timing device, a radio system for the soft landing, power 
sources, and orientation motors. 

At an altitude of about 8,300 kilometers, the craft assumed a ver- 
tical position in relation to the Moon, and maintained this position 
using sensors. At 75 kilometers (45 seconds before touchdown), the 
two compartments which contained the braking motors were jetti- 
soned, and the retrorocket was activated. Just at touchdown, the 
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automatic station separatyd from its motor, which then landed 
nearby. The equipment was deployed in 4 minutes 10 seconds, 
whereupon radio transmissions began, but it took about 7 hours tor 
the television transmission to start. . ^ r ^ 

The Soviets did not immediately release the pictures trom x.una 
9. but by hooking up a press wire facsimile machine, observers at 
Britain's Jodrell Bank radio observatory were able to make the 
first views public. The British picture lacked calibration data, how- 
ever, and distorted the scale in one dimension. Although the S>ovi- 
ets were reportedly irritated at this unauth'. ized release, it helped 
establish* their credibility. „ 

The batteries were exhausted on February 6 after seven radio 
sessions totalling 8 hours 5 minutes. Three television sessions were 
held, two on February 4 and one on February 5, which provided a 
panoramic view of the lunar surface when assembled. The pictures 
showed rocks near the spacecraft, and the horizon at a distance of 
1.5 kilometers. The Soviets stated that each picture series involved 
nine positions of the mirror. 

Kosmos 111 

Kosmos 111 was launched on March 1, 196S, but failed to leave 
Earth orbit. It iu generally assumed that it was intended to be a 
lunar orbiter mission, but it could have been another lander. 

Luna 10 

On March 31, 1966, Luna 10 was launched, and this spacecraft 
was similar to Luna 9 except that the lander section was replaced 
by an orbiter and this became the first spacecraft to enter lunar 
orbit (see figure 17). The payload mass sent to the Moon was l,bUU 
kilograms, but once the spacecraft entered lunar orbit, the main 
propulsion unit was ssparated from the pavload, leaving a payload 
with a mass of 245 kilograms. The initial unar orbit was about 
1.017 by 350 km, inclined at 7r54' to the lunar Equator, with a 
period of 178.25 minutes. ^ u ^ u j 

Luna 10 was not equipped with an imaging system, but had a va- 
riety of instruments to return data on meteorite impacts on the 
spacecraft, thermal characteristics of the Moon, the Moon s mag- 
netic field (if any), and irregularities of the Moon s gravitational 
field. The Instruments included a meteorite particles recorder; a 
gamma spectrometer for measuring energy levels between O.u and 
4 million electron volts; a magnetometer with three channels at re- 
ciprocally right angles; instruments for studing solar plasma; a re- 
corder for infrared emissions from the Mtwn; and devices to meas- 
ure radiation conditions in the Moon's environment. Gravitational 
studies were conducted based on tracking of the satellite as it orbit- 
ed the Moon. By programming certain semiconductors to oscillate 
at particular frequencies, the Soviets arranged for the spacecratt to 
send back music {"The Internationale") to Earth. i 

The spacecraft was battery-powered, and using the electricity 
carefully, the payload was kept active until May 30, 1966. By this 
time, there had been 460 orbits of the Moon, and 219 active trans- 
missions of data. By placing the payload in an orbit inclined at 7/ , 
it was able to take readings over much of the surface over a period 
of time. 

ER?C 1117 
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FioURK 17.— Luna 10 was the first satellite to orbit the Moon. 

Data from Luna 10 sho'ved that the Moon had a ma^Tietic field 
about 0.001 percent the strength of that around Earth. Cosmic ray 
background levels were expectedly high, and the natural radiation 
of lunar rocks resembled that of basalt on Earth, although sorre of 
the radiation v^as believed to come from interactions with cosmic 
rays, rather than natural radioactivity of the rocks. Tlie intensity 
•J of meteoritic impacts in lunar orbit wm: higher than in interplan- 

etary space. 

Luna 11 

Luna 11 was launched on August 24, 1966, with a total payload 
mass of 1,640 kilograms, and it entered lunar orbit on August 28. 
The orbit was 1,200 by 600 k^n, inclined at 27% with a period of 178 
minutes. 

Less was said about this flight in the Soviet media, and most of 
the early bulletins simply reported that communications were 
stable, and the number of orbits that had been accomplished. A 
month after launch, the mission was described, as studying yamma 
and X ray emissions to determine more exactly the chemical com- 
position of the Moon, gravitational anomalies, the concentration of 
meteoritic streams, and the intensity of hard corpuscular radiation 
near the Moon. The Soviets announced that the batteries had been 
depleted by October 1, 1966, after 137 radio sessions, and' 277 orbits 
of the Moon. 
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No pi jture has («ver been released of this Luna 11, and very little 
has been published about the findings. An early Soviet announce- 
ment vaguely implied that this was improved version of Luna lU, 
and signals intercepted by Jodrell Bank suggested that it was in- 
tended to return television pictures from lunar orbit. ^ 8 This combi- 
nation of facts suggested that Luna 11 resembled Lun^ 12, the next 
in the series, but did not accomplish all of its planned functions. 

Luna 12 

On October 22, 1966, Luna 12 was launched, and it entered lunar 
orbit on October 25. The initial oi-bit was announced as 1,740 by 
100 kilometers, with an "equatorial" inclination and a Penod of 
205 minutes. A later announcement said it was l.iiOO by \66 kilo- 
meters, inclined at 10°. ^ , r u 

On October 29, Luna 12 returned pictures of the lunar surface by 
radio facsimile. No mass was announced for this payload, but it 
was probably close to that announced for Luna 11. The appearance 
of Luna 12 differed from Luna 10 mostly because of the large radia- 
tor covering much of the instrument compartment (see figure 18). 





C) D.R.WOQdl igM 



FicLRK lS.-Luna-12 retained the two side modules for use m lunar orbit. One was for 
aititude control and the other for photo-TV apparatus to surv-jy the lunar surface. It 
transmitted for 85 days using on-board batteries. 

Pictures apparently were first transmitted to Earth at a fast 
data rate for a quick scan at the deep space tracking facility, and 
then retransmitted at a slower rate to maximize the detail for 
morp thorough study later. The pictures contained 1,100 lines ot 
scan, to give a maximum resolution of 15 to 20 meters. The number 



Reuters, Moecow. Aug. :iU. 1966, reported in the New York Times. Aug. 31. 1966. 
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of pictures that w«re taken is unknown, and only two or three 
have been made public. Radio transmissions ended on January 19, 
1967, after 602 orbits of the Moon, and 302 radio sessions with 
Earth. 

Luna 13 \ 

Luna 13 was launched on December 21, 1966, and landed Vn the 
Moon on December 24 in the Sea of Storms at 18'52' N., 62^0.3' W. 
Radio transmissions began 4 minutes after landing, and television 
transmissions commenced the next day. Luna 9 had landed in a 
mountainous area, while Luna 13 landed in a lunar seabed, but the 
surroundings were much the same. Luna 13 carried two telescoping 
arms that could swing outward and down from the craft to thump 
the lunar surface so sensors could judge its density and firmness. 
The arm could develop a pressure of 23.3 kilograms per square 
meter to force a rod into the soil. The lunar soil was decribed as 
having a depth of 20 to 30 centimeters, with the general density at 
the landing site not mora than 1 gram per cubic centimeter, much 
less than typical Earth soil. Little radioactivity in the soil was de- 
tected. It was also determined that the lunar surface reflects about 
25 percent of particles of space radiation which fall upon it, which 
was consistent with the Luna 9 data. 

The Soviets revealed that the camera and television system re- 
quired about 100 minutes to transmit an entire panoramic view of 
the surroundings. There were no further reports, and it is likeiv 
that the batteries were depleted before the end of December 1966. 

1968 LUNAR FUGHT— LUNA 14 

Luna 1 i was launched on April 7, 1968, 16 months after Luna 13. 
On Apri'. 10, the spacecraft entered an 870 by 160 km lunar orbit, 
inclines' at 42^ with a period of 160 minutes. No mass figures and 
no pictures were released, but the experiments most closely resem- 
bled those of Luna 10. Two years later, the Soviets announced that 
Luna 14 and Luna 12 had carried out tests of the type of electric 
motor used to provide locomotion on Lunokhod 1 in 1970. 

Third Genekation Lunar Flights 

The payload mass that co.uld be carried on the second generation 
lunar missions was still too small to carry out the types of missions 
the Soviets had in mind. The introduction of the D class launch ve- 
hicle with added uppe.- Jtages provided the opportunity to do more 
(see figures li^ lo 21). 
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FiGURB 19.— The Luna soil sample return spacecraft consisted of two engines and 
three seta of propellant Unks. The cylindrical lunar orbit insertion stage Unks were 
cast off before descent. Four large spherical tanks in the base were used for descent 
to the lunar surface. The ascent stage used three spherical tanks to return the 
spherical reentry capsule to Earth. 




INSERTION STAGE CAST OFF MOOULE-1 
FITTED WITH ASTRaORiENTATION SENSORS 



INSERTION STAGE CAST-OFF MOOULS-2 
FITTED WITH NITROGEN MICRO THRUSTERS 

^ O R Wood! 1M4 



Figure 20 — The heavy Luna series all ase cylindrical propellant tanks for lunar orbit 
insertion. Once in orbit, if the Bpa*^<H;raft ia scheduled to descend to the surface, they 
are cast off, to reduce total weigl ' 
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FiGVRE 21— The standardized heavy Luna spacecraft can deliver a soil sample return 
payload (i.e.. Luna~16). on a lunar ruver vehicle (i.e., Luna-17/Lunokhod~l) to the 
surface. 
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1969 LjUNAR KLIOHTS— LUN A Ift, K08M0S 300 AND K08MOS 305 

In late June and early July 1969, 6 months after the United 
States had successfully placed three men in lunar orbit with the 
Ai)ollo H mission, and just before the Apollo 11 mission was to be 
launched there were rumors in Moscow that the Russians were 
about to do something spectacular related to lunar exploration. 
Several accounts suggested that a launch of the big G vehicle 
was imminent, and there were rumors that a launch was made but 
it failed to reach orbit. 

Luna 15 

Despite this possible setback, a different kind of important 
launch came on July 13 when Luna 15 was launched using the D- 
1-e vehicle The spacecraft entered luner orbit on July 17, just ^ 
days ahead of the U.S. Apollo 11 mission. Although there is no con- 
clusive proof, it is often speculated in the West that this "Mission 
was intended to bring a sample of the lunar surface back to Earth 
before the Apollo 11 astronauts returned. 

There was some concern in the United States as to whether this 
somewhat mysterious flight, whose detailed mission had not been 
revealed, would interfere with the U.S. manned mission. U.b astro- 
naut Frank Borman, who had recently been in the Soviet Union, 
•made a personal appeal to Soviet officials to release the orbital ele- 
ments, and asked for assurances that the flight would not interfere 
with the Apollo mission. The Soviets responded that Luna 15 was 
in an orbit 203 by 55 kilometers, with a period of 120.5 minutes, 
and there was no intention of endangering the Apollo flight. 

On July 19. Tass announced that the oibit had changed, and had 
an inclination of 126°, 221 by 95 kilometers, with a period of 123.5 
minutes On July 20, this was modified again to an inclination ot 
127° 110 by 16 kilometers, with a period of 114.0 minutes. This in- 
dicated that the spacecraft was either going to land, or take high 
resolution pictures of future landing sites. 

The next Soviet announcement came on July 21, while Weil Arm- 
strong and Buzz Aldrin were on the lunar surface, and reported 
that Luna 15 had fired a retrorocket and had reached the luner 
surface in the "preset" area. There seemed little doubt from the 
wording of the Soviet statements that Luna 15 was intended to 
make a soft landing on the Moon to conduct further experiments, 
and in this it failed. The Jodrell Bank observatory estimated from 
the Doppler shift of signals that the payload impacted the surface 
of the Moon with a residual speed of about 480 kilometers an hour, 
which would seem a good confirmation that the mission was to 
slow it tor a landing, not merely redirect it to impact. . 

Even with the advantage of hindsight, there is no conclusive 
answer as to the intended mission of Luna lu. There had been 
rumors that the Soviets would attempt an automated sample 
return flight, a mission accomplished later by Luna lb. but it is 
also possible that this flight might have been intended to land a 
roving vehicle as did Luna 17. Luna 15 and Luna 17 both Hew in 
retrograde orbits while Luna 16 flew a posigrade orbit. Luna lo 
and Luna IT made landings in daylight portions of the Moon, while 
Luna 16 made a landing in the night portion. Moreover, the motors 
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for the Lunokhod drive had already been tested on Luna 12 and 
Luna 14. If the Soviets were trying to beat the Americans in re- 
, turning a lunar sample to Earth, they were cutting it very close by 
lingering 4 days in lunar orbit before collecting the sample, al- 
though an unman n^ vehicle might have made a faster return 
flight. ^ 

Kosmos 300 

On September 23, 1969, Kosmos 300 was launched and the time 
of launch and the nature of the debris in Earth orbit both suggest- 
ed another lunar flight had been attempted, but was not successful 
in leaving Earth orbit. The relation of this flight to phases of the 
Moon was not like Zond 7, but did resemble Luna 16 and 17. Thus, 
it is reasonable to assume that this was another in the series begun 
by Luna 15. 

Kosmos 305 

On October 22, 1969, 1 lunar month after the Kosmos 300 failure, 
Kosmos 305 was launched. This may have been even less successful 
than its immediate forerunner, because no orbital period was an- 
nounced suggesting that the payload decayed before the end of the 
first revolution. Some debris remained in orbit about 2 days. 

1970 LUNAR FLIGHTS— LUNA 16 AND 17 

Luna 16— First automated sample return 

Luna 16 was launched on September 12, 1970, and it landed on 
the Moon at 0818 Moscow time on September 20 in the Sea of Fer- 
tility at OMl' S., 56n8' E. The announced landing weight was 1,880 
kilograms.^® 

The spacecraft had an extendable arm which could reach out 
beyond the immediate blast area of touchdown. At the end of the 
arm was an elaborate drilling rig which could take a sample of the 
lunar soil, and insert it into a special container for return to Earth. 
The drill cut to a depth of about 35 centimeters, at which point the 
Soviets wcie not certain whether bed rock or an isolated hard 
stone had been hit. Rather than risk damage to the equipment, 
drilling ceased. After 26 hours and 25 minutes on the surface, the 
ascent stage ignited at 1043 Moscow time. 

The spacecraft made a ballistic return to Earth, landing on Sep- 
tember 24, after a total mission duration of 11 days, 16 hours. The 
sample returned by Luna 16 weighed only 101 grams, but this nev- 
ertheless afforded an important opportunity for scientists in the 
Soviet Union. Descriptions of the material were very similar to 
those for the samples returned by the U.S. crews. Small samples 
were made available to scientists in other countries including a 
direct exchange with the United States. 

The many articles by Soviet scientists which discussed Luna 16 
put heavy emphasis on the eventual use of the Luna 16 techniques 
for exploration of Mars, Venus, and the planetoids. While Luna 16 
was extolled as cheaper for exploring the Moon than the manned 
Apollo flights, the Soviets also stated that their exploration of the 



*M ass. Oct lUTo UM:)(iMT 



ERIC 



858 



Moo. ould use several techniques in the future, including both, 
automa. d devices and manned expeditions. 

Luna 1? and Lunokhod 1 

About 2 lunar months after the launch of Luna 16, Luna 17 was 
launched at 1744 Moscow time on November 10, 1970, landing in 
the Sea of Rains at 0647 Moscow time on November 17. The land- 
ing stage was essentially the same as used for Luna 16, except that 
in place of the drilling arm, it had a flat platform on top with dual 
ramps on opposite ends (see figure 22). Instead of the Luna 16 pay- 
load and its ascent rocket assembly, Luna 17 carried a mobile vehi- 
cle, Lunokhod 1. 




Figure 22 -Luna 17 delivered the Lunokhod 1 rover to the surface of the Moon. 
Ramps at either side of the descent stage allowed the rover to roll to the surface to 
be^in its studies. 

Lunokhod 1 was shaped like an old-fashioned bath tub, with 
eight wheels (four to a side), and a large convex lid over the tublike 
compartment. The lid was hinged on one edge so it could lift up to 
expose the solar cells on its underside. The vehicle carried a cone- 
shaped antenna, a highly directional helical antenna, four televi- 
sion cameras, and special extendable devices to impact the lunar 
soil for testing density and mechanical properties. 

The Lunokhod 1 was undeniably a remarkable vehicle. It was 
built of unspecified lightweight materials designed to withstand the 
stresses of flight from Earth and the great extremes of tempera- 
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tures on the Moon. Plastic materials could not be use because they 
would deteriorate in the radiation environment of space. The eight 
wheels were independently powered, and a special suspension 
system was designed to overcome any unevenness of the lunar sur- 
face. 

As noted earlier, the electric motors for the wheels were tested 
on Luna 12 and Luna 14. Lunokhod 1 was controlled by a four-man 
crew on Earth, and had the ability to move at two speeds, either 
continually or in short increments, forward or backward, and by 
applying power in opposite directions to the wheels on each side, 
could turn in its tracks. Automatic sensors and safety devices 
would stop the vehicle if the grade became too steep, or if it tilted 
too much to one side. 

The four television cameras permitted observations in all direc- 
tions» stereo views, and both closeup and panoramic views. Soil 
properties could be measured both by the impact devices and by oi>- 
tical studies of the vehicle tracks. An x ray spectrometer permitted 
analysis of soil constituents. Cosmic ray detectors were used to ana- 
lyze the intensity and energy levels of protons, electrons, and alpha 
particles. Solar flares were also studied. A French laser reflector 
was used to reflect laser signals generated by French and Soviet 
scientists on Earth. A radioisotope heat source maintained suffi- 
cient internal heat to permit the equipment and chemical batteries 
to survive the lunftr night. 

On November 17, the first television pictures were returned. At 
0928, Lunokhod 1 descended the steep ramp to reach the surface of 
the Moon, and began its travels in low gear. Its mass was 756 kilo- 
grams. Designed to operate for 3 lunar days, it continued to func- 
tion, at least partially, for 11 or 12 lunar days (almost 1 Earth 
year), making an impressive record by any standards. Table 17 
summarizes the results of this mission. 

TABLE 17.~SUMMARY RECORD OF THE PERFORMANCE OF LUNOKHOD I 



T vei IV ^^^^ 



I Nov U Nov 72 ? radio. I laser 197 U 12 Some 1 Some 

? Dec 10 Dec ?2 3 radio 1.522 Some 21 Some 3 » 33 

3 Jan 8 Jan 20 2 radio 1.936 Son)e 20 » 200 10 30 

4 Feb 8 feb 19 2 radio 1,573 Some 10 Some 3 Some 

5 Mar 9 Mar 20 2 radio 2.004 Some Some Some 2 Some 

6 Apr 6 Apr 20 1 radio. 1 lase( 1.029 Some Some Some 1 Some 
; May I May 20 1 radio 197 Some Some Some 2 

8 )une S \m 18 1 radio 1.559 Some Some Some 2 

9 July 4 July 17 1 radio 220 Some Some Some 1 Some 

10 Auj? 3 Aug 16 215 Some 

11 Aug 31 Sepi 15 88 Some Some 

12 SepI 30 Ocl 4 . ■■■ 

Total 10.540 20.000 206 500 25 (?) 



HQir, ' K^tk sfKjwrt *ftai portion ot weft )unar day fhe lunokrwl 1 wa acrrvdi«(3 Our»ng lunar niohu white Ihe soJar par*! wasjenwalN 
cKJsrt ind no ixwfTvnt occu^fed some t*jio contacts «te mjde to mornta (hit ttie rthicte ^as still opefaWe {ho^Jg^ qu««cw{ The hs rt 
number o» Usef 'etiecfior tests prcCwWy un(Jersla?e5 *wt *as iVw. considefing both the Rus&ans and Ihe french -r^tefested m resimg t 

'^T*'^ s!3ti^f« '(v eacft d^> *<fe cofnoied t)y a revw ifXJrtKjual Tass buttetms numtwrmg m the saxes ov« a oertod of 10 5 monthj Oau 
Oeume -iwe soarv over 'ime e»ihef because at less news value v as expetimeflts became »nopefabie 

Sowctt Mosify (fofn -Tuny indMJuJi Sovwt l»s$ buKettra Ihe swnmary figures oo total oeriormiflc* wtfe carried m Avulwyat RosnwavtiU. 
Ho I 19/3 pp U 3S 
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Lunokhod Tfl experimenta officially ended on October 4, 1971, 
the 24th anniversary of Sputnik 1, when the radioisotope supply 
was depleted. 

1971 LUNAR FUGHTS— LUNA 18 AND 19 

Luna 18 

The next Soviet lunar flight was Luna 18, launched September 2, 
1971. It carried the same basic third generation bus that had been 
used since Luna 15, and on September 11, it braked to a soft land- 
ing on the Mpon, The Soviets announced that the surface had been 
too rough and signals ceased at touchdown. 

Luna 19 

Luna 19 was launched on September 28, 1971, and entered lunar 
orbit on October 3 (see figure 23). Nineteen experiments were con- 
ducted, involving studies of magnetic fields, cosmic radiation, solar 
data, and meteor oids. Findings from radio wave propagation ex- 
periments suggested a plasma existed around the Moon, and stud- 
ies or orbital perturbations assisted in mapping mascons. On 10 oc- 
casions, surges of solar activity were studied, and the results were 
combined with data from Venera 7 and 8, Mars 2 and 3, and Prog- 
noz 1 and 2. 




^ D.R.Woodt 1964 

Figure 23.— Two heavy Luna spacecraft were used for lunar orbit missions; Luna-19 
and 22. The payload module appears to be based upon a rover vehicle, without 
wheels. Tracking of their orbita helped map the lunar gravitational field. 

1972 LUNAR FLIGHT— LUNA 20: SECOND SAMPLE RETURN 

Luna 20 was launched on February 14, 1972, and landed on Feb- 
ruary 21 near the Sea of Fertility, close to the Luna 18 landing 
site. 

The mission was a repeat of the Luna 16 flight, and the return 
capsule with samples of lunar material was launched from the 
Moon on February 23. After a ballistic return to Earth, the sample 
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was recovered and Htudied by Soviet scientists, who found it to be 
lighter in color than that returned by Luna 16. A total of 50 grams 
was returned this time, and samples were again exchanged with 
United States and French scientists. 

Soviet analysis of the sample found traces of 70 chemical ele- 
ments. The highlands sample, as indicated, was lighter and had 
more large particles. Their density was described at 1.1 and 1.2 
grams/cubic centimeter compactable to 1.7 to 1.8 grams/cubic cen- 
timeter. 

1973 LUNAR FLIGHT— LUNA 21 AND LUNOKHOD 2 

Luna 21 was launched on January 8, 1973, and on Januarv 16, it 
braked to a soft landing at the eastern edge of the Sea of S .renity 
in Le Monnier crater. The spacecraft carried the Lunokhod 2 vehi- 
cle (see figures 24 and 25J, which had a mass of 840 kilograms and 
was improved over Lunokhod 1. Radioactive Polonium 210 was 
used as a heat source to keep it alive during the lunar nights. 
Table 18 summarizes these activities. 
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Fku kk Jl - Lunokhod-^ (top view) was delivered to the Moons surface by the 
Luna spacecraft. A lar^'o circular cover on the ^^40 kg rover opened to expose two 
solar cell arrays to sunlijjht to power the vehicle. Three TV cameras provided stereo 
viewin^^ to Kau^e distances. 
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Figure 25.— Lunokhod-2 (bottom view) was fitted with^ Po."'* nuclear heater to keep 
it warm during the two-week-long lunar night. Each of the eight chaflaie wheels had 
its own electrical motor for added reliability. Lunokhod-2 traveled 37 km during its 
4-month life. 

TABLE I8.-SUMMARY RECORD OF THE PERFORMANCE OF LUNOKHOD 2 



Lunar 



vetiicit acitvated 



VetiiCie M ikm 



lunar night 
contKls— 



dtstmce 

(rw- 



TV 



TV 

paw- 



Soil tests 



Astrono- 



O^nteH '^^"^ 



)an 16 
Feb 8 
Mar U 
Apr 9 . 
May 8 . 

Total 



1.260 

9.806 

Mar 23 16.533 



Jan. 24.. 
feb. 23 



Apr. 22 ... 
(June 3) . 



8.600 
800 



(?) 4.000 37.000 80.000 86 740 (7) (?) 



Notes 



I The m ihcm *twi portion ol txi\ lun* day the LunohhwJ 2 was aciwled. During the lunar nights white the soJar WW* JjngJ^^*^ 
dosed irtJ no movement occurred, there were both radw contacts to monitor quiescent systems and laser reflectpon tests to measure venide location 
and lunar or tanh ceiestiai mechanics data . . t . 

? Th« stalistjcs on ihis operation were not reported in (juantitalive form except for the Astance traveW. The numbers snwn were constrwted 
tM cornpiitng data i^om of individual Tass bulteftns over a penod of 4.5 months. ^ . ..^ , ^.^^ 

3 While the eipermnl was feported as coododed on June 3. 19?3. this time is suaect smce it was m the middte ol the lunar '>*E^t when tt» 
vthide wuiri be .nactnrt anyway HormaHy. shutdown wwW come al the er»d of a lAar day. lAe May 20 or 21. with the fa»ior« ^covered a; 
hme oi revival around June 6 or ? Since the travel reported for the filth lunar day was so small, failure may have come as early as the second 
w<eli >n May 

Sources MostN irom many indivHjual Soviet Tass buHelm The summary figures on total performance were earned as a Tass announcement m 
Pravda. Moscow. June 4. 1973. P 1 

Lunokhod 2 covered a distance three to four times greater than 
Lunokhod 1> and had twice the speed. As a result, a five-man 
ground crew was used instead of four. In addition, there were four 
times as many television pictures, and 50 percent more soil me- 
chanical tests. The Soviets noted that Lunokhod 2 landed only 180 
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kilometers north ol' the landing site of Apollo 17, and it covered the 
area from the Sea of Serenity t<.) the Taurus Mountains. 

An extra television camera was added at a higher point on the 
spacecraft so that the Earth driver could see farther ahead and 
direct the vehicle with more confidence. Another new instrument 
was an astrophotometer which was used to determine the night 
skyglow on the Moon, and looked for zodiacal light in the plane of 
the ecliptic. This instrument previously had been tested on Kosmos 
51 and Kosmos 213 in Earth orbit. Another new device was a mag- 
netonieter mounted on a pole projected ahead of the vehicle 2.5 
meters. 

Experiments using the French laser went very well on this 
flight, and it was possible to gauge distances from Earth to Moon 
with an accuracy of 20 to 30 centimeters, and to measure shifts of 
the Earth's pole of as little as 10 centimeters. 

In general, the Soviets praised their design approach as prefera- 
ble for longer studies than could be conducted by human crews. 
They forecast the use of roving automated vehicles on Mars and 
Venus, as well. 

The Soviets announced that Lunokhod 2's mission had come to 
an end on June 3. 



Luna 22 was launched on May 29, 1974, and entered lunar orbit 
on June 2 to continue the work of Luna 19. Studies included taking 
pictures of large areas of the lunar surface, and taking measure-* 
ments of the Moon's magnetic field, cosmic radiation, and gravita- 
tional data. Other orbital activities include measuring meteorite • 
density and the spectrum of solar cosmic rays and concentration of 
circumlunar plasma and magnetic fields. 

The spacecraft was placed in an orbit 255 by 24 km to permit 
high resolution picture taking. After that part of the mission was 
completed on June 13, the orbit was raised to 299 by 181 kilome- 
te rs. 

The spacecraft exhausted its supply of maneuvering fuel on Sep- 
tember 2. lOTr),'*^ after 15 months of lunar studies. During its life- 
time, there were 1,500 trajectory measurements made during 2,400 
radio sessions with Earth; radio controllers sent 30,000 radio com- 
mands to Luna 22. 

Luna — Attempted sample return 

Luna 23 was launched on October 28, 1974, with the announcf^d 
mission of performing further research into the Moon and space 
around the Moon. On November 2, the braking rocket was fired to 
place it into lunar orbit, and on November 8, it landed in the south 
part of the Sea of Crises. 

The landing was successful, but the terrain was unfavorable and 
the drill was damaged and could not perform its mission of obtain- 
ing a sample from a depth of 2.5 meters. Communications with 
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Luna 28 were tenninatod on November 9, after a reduced research 
program. 

1976 LUNAR FUGHT— LUNA 24: THIRJ SAMPLE RETURN 

Luna 24 was launched on August 9, 1976, almost 2 years after 
the Luna 23 failure. As of the end of 1980, no further Soviet lunar 

flights have been made. , «, „u *v. 

On August 18, 1976, Luna 24 landed on the Moon in the south- 
eastern plrt of ihe Sea of Crises at 12'4r/ N., 62 12' E. a position 
very close to the unsuccessful Luna 23.*' The drill was designed to 
take a sample at a depth of approximately 2 meters (sec figure 26X 
Previous samples taken by Luna 16 and 20 had reached only 30 
centimeters. This time, a special driU rig was designed. The walls 
of the drill pipe were lined with flexible r'bbont that were drawn 
from the outside of the pipe, into the pipe, and around the sample 
column, as the drill rotated deeper. More ribbon was rolled up 
around each portion of the lunar sample to keep the pipe from 
clogging, and to prevent fine sand from falling through: An impact- 
rotating mechanism was used to penetrate any rock that might be 
encountered; the motion of the drill changed depending on the re- 
sistance. A drum rotated to pull in the ribbon and to move the 
sample into the return vehicle ampule. A lock was then triggered 
and the drum moved inside the return vehicle. The beam and drill 
folded away from the rocket to prepare for launch.*^ 



Izvestiya. Aug 20. 19"6, p 2. 
*' Izvestiya. Aug. 20. 1976. p.2. 
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FinuRE 2r>.— Luna 24 collected a 2.6 meter core sample using a plastic, sausage-like 
tube, coiled with a winch and placed inside the reentry capsule for return to Earth. 

On August 19, the Luna 24 return vehicle was launched from the 
Moon. The capsule made a ballistic return to Earth, landing 200 
kilometers southeast of the city of Surgut. A total of 170 grams of 
material was returned, and the color was described as brownish or 
dark grey, dependmg on illumination. The layers were found to 
contain different size and color particles. Sixty elements <Were 
found using x ray microanalysis and mass spectroscopy.*^ 

THE SOVrET MARS PROGRAM 

Since the beginning of the space program, the Soviet Union has 
attempted to send probes to only two of the other eight planets in 
the solar system: Mars and Venus. Their success in studying the 
latter planet is discussed in section VI, but it has not been matched 
on Mars. Only seven probes officially named "Mars'' have been 
launched, and from a mission standpoint, three were complete fail- 
ures (Mars 1, 4, and 7) while three others were partial failures 
(Mars 2, 8, and 6) by Western standards. In addition, it would 
appear that there were several more Mars attempts which failed 
before leaving Earth orbit, and were given the generic Kosmos des- 
ignation. 



*^Pravda, S<?pt. ."). n)7H. p. 'A. 
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U)()0 Mars Attempts 

The Soviet Union traditionally does not acknowledge spacecraft 
failures. In a number of instances, the United States has monitored 
failures which apparently would have sent spacecraft to Mars, but 
has disclosed this knowledge officially on only one occasion (Sep- 
tember 5, 1962'. On October 10 and October 14, I960, the Soviet 
Union launched a new combination of rockets intended to send 
payloads to the vicinity of Mars, but neither was successful in 
reaching even Earth orbit. , . „, . . 

A Soviet Mars attempt had been expected by Western observers 
at the appropriate astronomical "window' for the 1960 launch. 
Premier Khrushchev timed his arrival in New York at the United 
Nations accordingly, expecting to be able to announce the flights. 
A seaman defector told reporters that on board the Soviet ship Bal- 
tika, which had brought Khrushchev, was a replica of an advauced 
spacecraft which was to be put on display if a certain mission weie 
successful. If true, the replica was carried back to the Soviet Union 
unseen. 

1962 Mars Attempt— Mars 1 

The window for Mars flights comes about every 25 months, and 
Soviet launct attempts were made on October 24, November 1, and 
4 1962. All three reached Earth orbit; the first and third were 
never ackno vledged by the Soviet Union because they never left 
that orbit. Tl e November 1. launch was the only success, and was 
named Mars 1. Communications were received from the prot^ until 
March 21, 1963, after which signals ceased. The ship passed Mars 
at a distance of about 193,000 kilometers in June 1963. 
• This payload had been improved over Venera 1 (see p. 872). Us 
weight was raised to 893.5 kilograms, and it had a greatly im- 
proved "bus" for the instrumentation and more elaborate experi- 
ments. The basic design of this craft became standard for planetary 
missions. 

1964 Mars Atfempts— Zond 2 and 3 

The Soviet Union launched Zond 2 toward Mars on November 
:iO, 1%4, and this time acknowledged its mission. Communications 
failed some time in April 1965, but it made a close pass by Mars at 
about 1,500 kilometers on Augv. 6 of that year. There was a 
strong likelihood that another Mars attempt was planned tor the 
1964 window because multiple launch attempts were made tor 
every other window to Mars and Venus beginning in 1960. 

Not until July 18, 1965, however, was another Mars spacecraft 
launched. Zond 3 was placed on a trajectory toward the orbit of 
Mars, but the launch was made without reference to a suitable 
launch window for Mars, and the planet was nowhere near the 
Zond when it achieved that distance. However, as a diagnostic test, 
Zond 3 also made a flyby of the Moon, passing it at a distance of 
about 9,200 kilometers. It took 25 pictures of the far side, of a qual- 
ity superior to those of Luna 3, which were returned to Earth by 
facsimile a number of times at ever-greater distances, proving the 
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capabilities of the communications system. Some signals were still 
beihg received when Zond 3 reached *the orbital path of Mars, 

1971 Mars Fughts— Kosmos 419, Mars 2 and 3 

There were rumors in the summer of 1968 that there would be 
new major Mars attempts late in 1969, but there were no successful 
launches announced and no recogmzable failures hidden under the 
Kosmos designation.^^ There were multiple rumors of launch fail- 
ures at the appropriate window, however, so it is possible that the 
•spacecraft never attained orbit. 

The Soviets did take advantage of the 1971 opportunity. On May 
10, Kosmos 419 was launched, and although the Soviets named the 
launch, \they did not add the usual statements about everything 
going wftll. The spacecraft attained Earth orbit, but did not fire the 
rocket wliich would have launched it toward Mars and given it a 
Mars name. 

The successful launch of Mars 2 on May 19 was announced by 
the Soviets as soon as it was clear that its rocket had placed it on 
the connect trajectory. Mars 3 was launched on May 28, Both space- 
craft were combination orbiters and landers which carried geo- 
physical experiments (no biological experiments were included). 
Figure 27 illustrates Mars 2 and 3. 




A 
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Figure 27 — Mars 2 and 3 were orbiter/lander combinations launched in 1&71. The 
orbiters successfully entered orbit» but the Mars 2 lander apparently failed before 
touchdown, and the Mars 3 lander failed afte/^ansmittiag only 20 seconds of data 
from the surface. 
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On November 1!)71, the Soviets announced that Mars 2 had 
entered Martian orbit on September 27, 1971. The Soviets an- 
nounced that the lander reached the surface of Mars, landing at 
45' S., SS"" E., but no date 'vas given for this event, and no further 
mention of the Mars 2 lander was made._The Mars 2 orbiter contin- 
ued its research from its 25,000 by 1,380 km orbit, inclined at 
48^54^ with a period of 18 hours. 

The Mars lander reached the surface on December 2, at 45' S., 
158' E. Signals were transmitted from the Mars 3 lander by a weak 
omnidire'btional system to tne orbiter, where they were recorded 
and later ^yed at a slower data rate via the orbiter's high gain 
anterma. The lander transmitted signals for only 20 secci|ids; why 
they ceased is unknown, but most observers suggest that dust 
storm conditions on the surface overwhelmed the lander. 

Some details were released on Mars 3, and it can be assumed 
that Mars 2 was very similar. The lander carried atmospheric tem- 
perature and pressure sensors, a mass spectrometer to determine 
atmospheric components, a wind velocity meter, devices to measure 
the chemical and mechanical properties of the soil, and a television 
system to supply panoramic views of the surroundings. The m^gs of 
the lander was later revealed to have been 635 kilograms.'*^ 

The Mars W orbiter carried the French ''Stereo" experiment, but 
otherwise the Mars 2 and 3 orbiter instrumentation was identical. 
There was a camera system with a wide-angle lens with a 52 mm 
focal length and a 4' narrow angle lens. Twelve frames were ex- 
posed and automatically developed on board, then scanned with 
1,000 lines of 1,000 elements each, for transmission to Earth where 
they were recorded both on magnetic tape and on electrochemical 
paper. Photography was hampered^ by dust storms. Other equip- 
ment included: 

An infrared radiometer to construct a Mars surface tempera- 
ture distribution chart (8-40 microns); 

An instrument to determine water vapor concentrations by 
spectral analysis of absorption in the 1.38 micron line; 

An instrument to study surface relief by measuring the 
amount of carbon dioxide along a sighting line, according to 
the intensity of the 2.0H micron absorption band (an infrared 
.spectrometer); 

An instrument to study the reflectivity of the surface and at- 
mosphere in the visible spectrum of 0.3 to 0.6 centimeter 
range, and for determining the dielectric permeability of the 
surface and temperature to a depth of 35-50 centimeters; and 
.An instrument to determine the density of the upper atoms- 
phe^re* and the conpentration of atomic oxygen, hydrogen, and 
argon— an ultraviolet photometer. 
In general the two orbiters performed about as planned. The So- 
viets announced the discovery of atomic hydrogen and atomic 
oxygen in the upper atmosphere. The main work program ended in 
March and the program was formally completed by August 22, 
VycL by which time Mars 2 had completed 3()2 orbits and Mars Ji, 
20 orbits of the planet. 



*M)ja. Mfikki. \\\ Sp.urflmhi, I/)ndt»n. .luly n»7.'». p -JT'.J. t^uotinu' a .Soviet scientibt. 
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The temoerature ruriKe wuh found to be between 13° and -93° C, 
except auKorth Pole where it was -110° C. Mountains as high 
as 3 kilometers high were found, and depressions as deep as 1 kilo- 
meter. The maximum water vapor reading was ,5 microns (l/AV"" 
of Earth) The atmosphere was mostly carbon dioxide, but at higft 
altitudes.' separated into carbon monoxide and atomic oxygen, 
while water also broke into atomic hydrogen and atomic oxygen. 
The ionosphere was about one tenth as densn as the that oi ^^arth, 
with its maximum strength at 140 kilometers. The magnetic field 
was about eight times as strong as the inter-planetary medium. 

1973 Mars Flights— Mars 4. 5. <6, AND 7 

Because of the changing positions of Earth ind Mars relative to 
each other, by 1973 more energy was required to send probes to 
Mars Thus, four launches instead of two were required to send the 
orbiter/lander pairs to Mars. Mars 4 and 5 were orbiters. while 
Mars 6 and 7 were landers, and they were launched respectively on 
July 21, July 25. August 5, and August 9, 1973 (see figure 28). 

Mars 4 reached Mars on February 10. 1974. but its retrorocket 
failed to fire, so it did not enter orbit around the planet, instead 
making a close pass at 2.200 kilometers. It took photographs which 
. were transmitted to Earth by facsimile ^c^n Mars re the 
planet on February 12 ^n J entered an orbit 32.500 by 1.760 km, in- 
clined at 35°. with a period of 25 hours. 




M«l 4. 6 



Mm'I 6. 7 

Atictry Cipiol*. Fly By But 
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FiofRE 2H.-Thi' 1973 Mars launch window was not as favorable as the 1971 window 
80 the total spacecraft weight had to be reduced to an average of 3945 kg each They 
could carry propellant to achieve Mars orbit, or a lander probe, but not both. The 
Ma^-r sJaceS achieved Mars-orbit and Mars-G made a successfXil reentry into 
ihellm^^phere. Unfortunately, it fell silent after transmitting 150 seconds of data 
during descent. 

Mars 6 reached the vicinity of Mars on March 12 1974 and the 
lander proceeded to the surface, landing at 24 S., 25 W. The Sovi- 
ets disclosed that contact with Mars 6 had been lost 148 seconds 
after the parachute opened, just before it touched down. Mars 7 
had reached the vicinity of Mars on March 9, and it^ descent 
module separated as planned, but a malfunction in an onboard 
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system cauned it to ithhh the planet by 1,300 kilometers. The 
landers had a mass of (Jlif) kilograms each.'*^ 

Thus, only one of the four spacecraft. Mars 5, successfully accom- 
plished its mission objectives. Some data were returned by Mars 4, 
and the two orbiters took a total of 60 photographs, some of high 
quality. Mars (>, although it did not survive landing, did provide 
direct readings of pressure, temperature and chemical composition 
of the atmosphere. 

Mars 5 returned a wide variety of data. Among the instruments 
carried was a radio probie operating in the 8-32 centimeter range; a 
radio telescope operating at 3.5 centimeters; and infrared radiome- 
ter for the 8-26 micrometer range; a spectrometer with an interfer- 
ence filter for the 2-5 micrometer range; three photometers with 
interference filters ')pejating at 1.38, 2, and 0.3-0.8 micrometers re- 
spectively; a photometer for studying the ozone band at {?,600 ang- 
stroms; a photometer for measuring the intensity of scattered solar 
light in the Lyman alpha range (1,215 angstroms); a gamwia pho- 
tometer; two polarimeters for nine narrow bands in the range 0.35- 
O.S micrometers; and a phototelevision ccmplfex of instruments to 
take pictures for facsimile transmission to Earth. There were two 
cameras. The one called Vega had a focal length of 52 mm, was f/ 
2.8, providing a 23 by 22.5 mm frame and its look angle was 35^*42'. 
The other camera, Zufar, had a focal length of 350 mm, was f/2.5 
with a 23 by 22.5 mm frame and its look angle was 5^40'.'*'' Mars 4 
used a red filter, while Mars 5 had red, blup, green and orange fil- 
ters. Rectified maps were produced fro^ * these pictures which pro- 
vided control points and links with the pictures taken 2 years earli- 
er' by the U.S. Mariner 9 probe. 

Mars 5 made a study of the chemical composition of the atmos- 
phere measuring the amount of water vapor and ozone. Mars 3, 
after the dust storm 2 years earlier, had found only 10-20 microme- 
ters of water vapor, but Mars 5 made rer^dings of up to 80 microme- 
ters of water vapor, with variations of two to three fold even within 
short di.stances of a few hundred kilometers. Mars 5 found that the 
amount of ozone by volume was 0.00001 percent, with the layer at 
30 kilometers.'*^ 

Several experiments were duplicated among the four main vehi- 
cles. Magnetometers were carried on Mars 4 and 7, as were plasma 
traps. Multichannel electrostatic instruments were carried by Mars 
4 and 5. Mars 6 and 7 carried micrometeorite sensors, cosmic ray 
sensors, and the French solar rauio emission experiments. Stereo, 
which had also fiown on Mars 3. Another French experiment, 
Zhemo, was carried for studying the distribution and intensity of 
fluxe.' of protons and electrons en route to Mars. 



In its planetary explorations, the Soviet Union has been most 
successful at Venus. By the end of 1980, a total of 12 Veuera probes 
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had been launched, and five had made successful soft landings on 
the planet's surface, although the imaging system on two did not 
operate. Two Venera probes did send back the first pictures of the 
surface of Venus in 1975, however. 

1961 Venus Launches— Venera 1 

On February 4, 1961, the Soviets annoilnced the launch of a 
"Tyazhaliy " Sputnik" from which an interplanetary probe could be 
launched. The fact tlx^t this launch occurred at the correct hour 
for a Venus probe indicated the mission, while an Earth orbital 
success, was a Venus probe failure. Another launch was announced 
on February 12, 1961— Tye'.heliy Sputnik 5— and from this Venera 
1 was launched (see figures »9 and 30). The payload weighed 643.6 
kilograms, and was by far the most elaborate payload combination 
uliveiled by that time. For some weeks the mission went well, but 
when it was about 7.26 million kilometers from Earth, communica- 
tions ceased. The payload is estimated to ha\e passed Venus at a 
distance of about 100,000 kilometers on May 19, 1961. 
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Figure 30.— Several planetary probes were injected into solar orbit with destinations 
of Mars or Venus. Their missions, when unannounced* can be implied from their 
tr^ectories: minimum launch energy (maximum payload) missions were tiyby 
attempts, while minimal arrival energy (slowest destination arrival) missions were 
lander attempts. 



1962 Venus Attempts 

Vei^us launch windows come about every 19 months, and the So- 
viets made multiple launch attempts on August 25, September 1 
and September 12, 1962, all carrying Venera spacecraft. All of 
these reached Earth orbit, but failed to launch their payloads suc- 
cessfully toward Venus. No Soviet acknowledgement of these 
launches has been made. 

1964 Venus Attempts— Kosmos 21 and 27 and Zond 1 

By 1964, 10 planetary attempts had succeeded 'in launching only 
2 spacecraft toward their planetary destination. The Soviets appar- 
ently launched a diagnostic flight on November 11, 1963, which 
was designated Kosmos 21, but it was not able to send a deep space 
probe beyond Earth orbit. 

Nevertheless, on March 27, 1964, when the Venus window 
opened, another launch attempt was made, and when the space- 
craft failed to leave Earth orbit, it was designated Kosmos 27. 

On April 2, 1964, another Venus probe was launched. The Soviets 
designated it Zond 1, but the details announced on its course made 
clear that it was bound for Venus. Communications failed soon 
after May 14, and it passed Venus on July 19, 1964, at an estimat- 
ed distance of 100,000 kilometers. 
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19(15 Vknuh Flu hts— Vbnera 2 and 3 and Kosmos 96 

On November 12, 1965, Venera 2 was launched, followed 4 days 
later by Venera 3. On November 23, another Venus launch appar- 
ently was attempted,' but it was designated Kosmos 96 when the 
planetary probe failed to leave Eapwi orbit. 

Venera 2 passed Venus at a-<l1stance of about 24,000 kilometers 
on February 27, 1966. Venera 3 struck Venus on March 1, 1966,.-:, 
about 450 kilometers from the center of the visible disk. The Sovi- 
ets were congratulated for these twin successes, which included 
sending the first manmade object to the surface of another planet, 
but a few days later, the Soviets revealed that communications had 
failed in both spacecraft at an unspecified time shortly before they 
reached Venus, so no planetary data was returned. 

1967 Venus Flights— Venera 4 and Kosmos 167 

Venera 4 was launched on June 12, 1967, and 2 days before its 
arrival at Venus, the Soviets revealed that its mission was to make 
direct atmospheric measurements (see figure 31). On October 18, 
1967, a capsule separated from the bus, and after aerodynamic 
braking, the capsule deployed a parachute, and measurements 
were made for about 1.5 Earth hours while the probe descended " 
toward the surface. Its successful return of planetary data was an 
important first in the Soviet program. Initially, the Soviets thought 
they had data readings all the way to the surface, but unless the 
landing occurred on a very high mountain peak, it is more likely 
that signals ceased at an altitude of 25 kilometers. 
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Figure 31.— Venera 4, 5 and 6 returned data about the atmosphere of Venus, but were 
not designed to survive on the surface. Venera 7 and 8 returned data from the 
atmosphere and the surface in the regions of night and day respectively. 

The main bus of Venera 4 carried a magnetometer, cosmic ray 
counters, hydrogen and oxygen indicators, and charged particle 
traps. It discovered a weak hydrogen corona at 10,000 kilometers 
above the si rface on the night side of Venus and a magnetic field 
only 0.001 the strength of that around Earth, and no radiation 
belts. The sterilized landing capsule was an egg-shaped package 
about 1 meter in diameter, weighing 383 kiloc^.ams and protected 
by ablative material against the high heat of entry friction. The 
parachute, deployed after the speed was slowed sufficiently, was 
made of heat resistant material. The capsule carried two thermom- 
eters, a barometer, a radio altimeter, an atmospheric density 
gauge, and 11 gas analyzers. 

Signals from the capsule were received for 96 minutes both in 
the Soviet Union and at Britain's Jodrell Bank. The readings 
showed an initial temperature of 39* C with the final reading be- 
tween 263 and 277* C. Atmospheric constituents were measured as 
90 to 95 percent carbon dioxide, 0.4 to 0.8 percent oxygen, and be- 
tween 0.1 and 0.7 percent (but not more than 1.6 percent) water 
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vapor. The remuindcr might hove been argon or other inert gases, 
and if nitrogen was present, it was not identified. The final pres- 
sure reading obtained was 15 to 22 times that of Earth. Later study 
by both American and Soviet scientists of the Soviet data suggested 
the Celsius temperature at the true surface was probabljr about 
double the reading from the spacecraft, and the atmospheric pres- 
sure was about 90 Earth atmospheres. 

One midcourse correction was executed on July 29 to place 
Venera 4 on a proper tra^if-'tory to impact the visible center of the 
planet. During its entry, is believed the capsule withstood tem- 
peratures in the range of 10,000 to 11,000' C. The capsule had been 
designed to withstand pressures up to 100 atmospheres and loads 
up to 300 G. 

Five days after the launch of Venera 4, Kosmos 167 was sent to 
Earth orbit, and from its timing and behavior, it can be assumed 
that it would have been the second Venera of the 1967 window, but 
the planetary spacecraft did not leave Earth orbit. 

1969 Venus Fughts— Venera 5 and 6 

On January 5, 1969, Venera 5 was launched toward Venus with 
a pay load mass of 1,130 kilograms. Most of the details of the flight 
were the same as Venera 4. Data were returned for 53 minutes 
while the spacecraft descended through Venus' atmosphere, and it 
finally landed on the night side of the planet. 

Venera 6 was launched 5 days after Venera 5, on January 10, 
1969, and was a close duplicate of its immediate predecessor. 
Venera 6 reached Venus on May 17, a day after Venera 5, provid- 
ing an opportunity for the cross calibration of results. As with 
Venera 5, Venera 6 deployed its parachute after slowing down 
aerodynamically, and data were returned for 51 minutes. 

These spacecraft were somewhat improved over the earlier 
model, and could withstand 450 G's, compared to 300 on the earlier 
model. Instruments in the probe bus were designed to function be- 
tween 0 and 40° C, but in actual fact were held between 10° and 
25°. Because of the more rugged construction and better protection, 
the parachute size was cut to one third that of Venera 4 to permit 
a more rapid descent through the atmosphere to enhance the 
chance of survival closer to the surface. 

1970 Venus Flights— Venera 7 and Kosmos 359 

Venera 7 was launched on August 17, 1970, with a payload mass 
of 1,180 kilograms, the heaviest Soviet payload sent to the planets 
at that time. On December 15, only 14 seconds later than estimat- 
ed, Venera 7 entered the atmosphere of Venus at 7:58:44 Moscow 
time. This signal reached the Soviet Union at 8:02:06. The initial 
speed was 11,600 meters per second, and after aerodynamical brak- 
ing slowed the capsule to 250 meters per second, tJ^e parachute 
system was deployed, the antenna was extended, and signal trans- 
missions to Earth commenced. Strong signals were received for 35 
minutes, after which the Ss,.:-»ts continued to tune in the hiss of 
electronic "noise" from space. Using advanced computer tech- 
niques, they were able to separate out an additional 23 minutes of 
coded telemetry from the capsule after it landed, with only about 1 
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percent oF the earlier signal strength. This was the first data trans- 
mission from the surface of another planet. 

This capsule was made even sturdier than its predecessors, and 
was shaped as a perfect sphere for greater strength, with no holes 
drilled through its shell which might prove weak points during 
entry. Only after the top hatch blew off to deploy the parachute 
and antenna were the sensors exposed. 

Surface temperatures were found to be 475* C, plus or minus 20* 
C. The pressure was about 90 times that on Earth's surface, plus or 
minus 15 atmospheres. 

Five days after the launch of Venera 7, Kosmos 359 was placed 
in a low Earth orbit at the correct time for a Venus launch. A pay- 
load was separated from the Tyazheliy Sputnik, and the rocket 
motor fired, but placed the spacecraft into a slightly more elliptical 
Earth orbit, rather than sending it to Venus. 

1972 Venus Fughts— Venera 8 and Kosmos 482 

Venera 8 was launched on March 27, 1972, with a payload mass 
of 1,180 kilograms like Venera 7. In contrast to all the previous 
nightside landing attempts at Venus, this capsule was separated to 
land on the day side, near the rim of the visible disk of the planet. 
Experiments were carried to measure brightness, temperature, at- 
mospheric pressure, and for the first time, a device to study the 
nature of surface soil. 

Signals continued for 50 minutes after landing. The temperature 
was found to be 465* C and the pressure 93 Earth atmospheres. 
Brightness equalled that on the Earth just before sunrise. Chemical 
analysis of the soil suggested a 'soil density of 1.5 grams per cubic 
centimeter. The soil was 4 percent potassium, 0.0002 percent urani- 
um, and 0.00065 percent thorium, similar to granite. 

On March 31, Kosmos 482 was launched at the correct time to be 
a Venera flight, and as with Kosmos 359, the payload separated 
but the rocket misfired. 



In 1975, the Soviets upgraded their Venus exploration program 
by initiating use of the larger D class launch vehicle for Venus 
missions instead of the A-2-e. 

Venera 9 was launched on June 8, 1975, and was described as a 
new type of Venus spacecraft. On June 14, Venera 10 was 
launched, and the Soviets announced that it was similar in design 
and mission to Venera 9. Both spacecraft were orbiter/lander com- 
binations (see fig^ire 32). Soviet sources noted that while earlier 
Venera probes haH required many commands from Earth to control 
their course, this time there were onboard digital computers which 
made many of the necessary calculations, addin^f flexibility to the 
operations. 



1975 Venus Fughts — Venera 9 and 10 
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Figure 32.-The heavy Venera spacecraft consist of a sphencal capsule which 
contaiflS^lander, plus a bus whicheither orbits the planet (as in the case of Venera 
9 10) or is placed on a fly-by trajectory (ea in the case of Venera 11 and U). 
Venera 9 and 10 returned the first pictures from the surface of Venus. 

THE LANDERS 

On October 20, the Venera 9 lander and orbiter separated, and 
on October 22, the lander entered the atmosphere of Venus at a 
speed of 10.7 km/sec. Following aerodynamic braking and para- 
chute deployment, the Venera 9 lander touched down at 0813 
Moscow time, and operated for 53 minutes on the surface. 

The Venera 10 spacecraft separated into its two parts on October 
23, and the lander reached the surface on October 25 at 0817 
Moscow time. It landed 2,200 kilometers from Venera 9, and oper- 
ated for 65 minutes on the surface. 



ERIC 



14 



879 



The lander stood about 2 meters high, and the experiments were 
protected within a two-hemisphere shell able to withstand tempera- 
tures up to 2,000^ C and 300 tons pressure^ Lander instrumentation 
was precooled to —10' C and its exterior equipment to —100* C 
before entry, to lengthen the amount "^f time it could function on 
the surface. A special system of circulating fluids distributed the 
heat load. 

Results from the experiments produced manv surprises. First, it 
was discovered that the lighting was as bright as Moscow on a 
cloudy June day, so that the floodlights which had been carried on 
the spacecraft were not required. 

Fifteen minutes after Venera 9 landed, a television panoramic 
picture be^an to emerge on Earth. There was no noticeable dust, 
and the picture was quite clear even without further processing. 
Details were good to a distance of 50-100 meters. A scattering of 
rocks 30-40 centimeters across, and a large stone on the apparent 
horizon, were observed. The panorama extended out to 160 meters, 
and the horizon may have been 200-300 meters away, but this is 
unclear. There was a defined curvature between surface and air at 
this horizon. The fact that rocks cast shadows suggested that direct 
sunlight was reaching the surface, in contrast to the expected solid 
cloud cover. Surprisingly, also, the rocks were not eroded, but 
showed sharp cleavages as if relatively young. Until this time, sci- 
entists had assumed that Venus was an old, geologically ^'dead" 
planet, but the existence of rocks with sharp edges strongly sUg- 
gested that instead it is young and geologically active. These obser- 
V ons have been supported by subsequent United States and 
Sovit^t :nissions to Venus. 

Pvtt jres returned from Venera 10 showed that it had landed in 
an area with large pancake rocks, possibly with cooled lava or 
other weathered rocks in between. 

Four Soviet scientists provided more details on the equipment 
carried on the Venera 9 and Venera 10 landers in a February 21, 
1976, Pravda article.*^ The descent module carried the following 
instruments: a panoramic telephotometer; a photometer to meas- 
ure light fluxes in the green, yellow, red, and two near-infrared 
spectra; a photometer to measure atmospheric brightness in three 
wavelength bands near 8 microns and to determine the chemical 
composition of the atmosphere; optical entry instrumentation to 
measure the radiation intensity of the atmosphere and clouds in 
two phases from 63 to 34 kilometers and from 63 to 18 kilometers; 
temperature ana pressure sensors used from 63 kilometers to the 
surface; accelerometers to measure G forces during the decelera- 
tion phase; a mass spectrometer to determine the chemical compo- 
sition of the atmosphere between 63 and 34 kilometers altitude; an 
anemometer to measure surface wind velocity; a gamma ray spec- 
tometer to detect any radioactive elements in surface rocks; and a 
radiation densitometer. 

The article also outlines some of the da:a received from the 
landers. The temperature at the Venera 9 landing site was 460"" C, 



*^ / vduypvskiy. V (Corresponding member. Academy o ' Sciences. U.S.S.R.), V. lahevskiy 
jDoct.^r of Technical Scien -esK M. Marov and V. Moroz (Doctors of Physics-Mathematical Sci- 
ences), Pravda. Feb. 21. 19' 6, pp. M-4. 
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and the pressure was !)0 atmospheres. The surface illumination 
about 10,000 lux. Local wind velocity was 0.4 to 0.7 meters pferv_ 
second. At 35-40 kilometers altitude, the ratio of carbon dioxide to 
water vapor was 1000 to 1. At the Venera 10 landing site, wind ve- 
locity was 0.8 to 1.3 meters per second. . r J AO 
Examination of surface rock for radioactive elements found 0.3 
percent potassium, 0.0002 percent thorium, and 0.0001 percent ura- 
nium. Rock density was 2.7 to 2.9 grams per cubic centimeter. 



THE ORBITERS 



Both orbiters were put into their respective orbits the same day 
as their landers went to the surface of Venus. In addition to carry- 
ing experiments for orbital research, each served as a relay station 
between Earth and each lander. , oAn i -i 

The Venera 9 orbiter was placed in an orbit 112,000 by 1,300 kJl- 
ometers, with a period of 48 hours, 18 mihute*. Venera 10 s orbit 
was 114,000 by 1,400 kilometers, with a period of 49 hours, 23 min- 

The orbiters studied the structure, temperature, and radiation of 
the planet's cloud layers using spectrometers, radiometers, and 
photopolarimeters. By using radio sounding, they also measured 
the density of ions and electrons, and at high altitudes, the energy 
spectra directly with ion traps. Weak magnetic fields and particles 
in the solar wind stream were also measured. 

The Pravda article cited earlier described the orbiter research in 
three categories: studies of the Venus cloud layer, studies of the 
upper atmosphere by raSiophysical and optical means, and studies 
of solar wind interaction. Instruments used in cloud layer research 
included: a panoramic camera; an infrared spectrometer to meas- 
trr^the absorption band intensity of atmospheric gases and the re- 
flecting capability in the 1.5 to 3.0 micron range; an infrared radi- 
ometer in the 8-30 micron range to measure cloud layer tempera- 
ture; a photometer supplied by France to measure brightness of the 
ultraviolet light at 0.35 microns; a photopolarimeter to measure 
brightness and polarization of solar radiation reflected by the cloud 
layer in the 0.4 to LO micron range; and a spectrometer in the 0.24 
to 0.70 micron range to study the above-cloud layer. The upper at- 
mosphere experiments included a photometer to measure solar ra- 
diation scattered by hydrogen atoms in the outer layers of the at- 
mosphere and a spectrometer to measure the Venusian atmospher- 
ic glow in the 0.3 to 0.8 micron range. Solar wind studies used a 
magnetometer, a plasma electrostatic spectrometer and charged 

particle traps. , , , <. ^i. 

The orbiters measured the temperature of Venus clouds at the 
upper boundary at -35° C and found that the cloud temperature 
on the nocturnal side was about 10° C higher. The brightness in ul- 
traviolet rays varied within 20 percent. Other data indicated that 
the atmospheric temperature decreases with altitude, but at the 
(iB-of) kilometer level, local temperature elevations are observed. 
The electron concentration on the daytime side of Venus was tound 
to be significantly higher than on the nocturnal side, but was 10 
times higher than in the terrestrial ionosphere. 
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1978 Vknuh Fughts— Venera 11 and 12 

Venera 11 was launched on September 9, 1978, and Venera 12 6 
days later. As with Venera 9 and 10, these were combination space- 
craft, but instead of an orbiter and a lander, these were a flyby bus 
and a lander. Each had a mass of 3,940 kilograms, less than 
Venera 9 and Venera 10, because the 1978 launch window had 
much greater energy requirements to reach Venus. The flyby bus 
also permitted longer contact time with the lander. 

On September 25, the Soviet Union reported that corrections had 
been made to the Venera 11 and Venera 12 flight trajectories. 
There had been 37 radio communications to measure the trajecto- 
ry, check onboard systems operations, and transmit scientiflc and 
telemetric data.*° TABS announced on October 18 that Venera 11 
and Venera 12 were continuing on their paths as planned, and 
studies were being conducted on physical processes in space. 

RESEARCH CONDUCTED EN ROUTE TO VENUS 

The Venera flights continued joint Soviet-French research on 
cosmic gamma ray flares which had begun on Prognoz 6, Prognoz 7 
andySKeg 3,^^ and the Sneg-2MZ instrument, an omnidirectional 
e^itmma radiation detector, was used to locate the source and char- 
[acteristics of gamma ray bursts. 

Another experiment, called "Konus," was used for cosmic 
gamma ray studies while the spacecraft were en route to Venus. 
Konus took periodic measurements of the intensity and spectrum 
of the cosmic background with six scintillation counters forming 
the detector system. The source of the gamma ray burst was locat- 
ed by means of a triaxial stabilization of the space vehicle. From 
September to December 1978, Konus registered 27 gamma bursts 
aiW 120 solar flares. An experiment designated "KV-77" measured 
high-energy particles while Venera 11 and 12 were en route to 
Venus. A powerful flareup on the Sun occurred on September 23 
and a stream of charged particles was observed for more than 2 
days. At the same time, a dramatic increase in the intensity of pro- 
tons and alpha particles of solar origin were recorded in all meas- 
ured energy ranges, in interplanetary space. 

Venera 11 and Venera 12 also conducted studies on interplan- 
etary plasmas, and both vehicles carried identical p asma spectrom- 
eters. A Soviet scientific journal described the scic itific objectives 
of the solar wind and geomagnetospheric research as: obtaining in- 
formation on the heating and acceleration of solar wind ion compo- 
nents by measuring the parameters of proton and alpha compo- 
nents; investigation of the velocity of propagation of interplanetary 
shockv/aves; study of the structure of the interactive region be- 
tween the solar wind and the Earth's magnetosphere; analysis of 
the dissipation of ion energy in circumterrestrial and interplan- 
etary Shockwaves by measuring the proton and alpha components 
of the solar wind; and measurement of the solar wind as the Amer- 
ican Pioneer- Venus passed through. Some Venera 11 and Venera 



*'^Tass. 1700 GMT. Sept. 25. 107H. 

.Most-ow World Service in English. IU80 GMT. Oct Hi. 
*^ Kosmicheskjye Is«le<iovaniya. vol. 17, No. 5, September-October 1979. Pp. H*^0-82y. 
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12 instruments, including the plaknia spectrometers, were used to 
make observations on December 4 and 9 in cooperation with the 
U.S. Pioneer-Vrius spacecraft.*^ 

By October 13, Venera 11 was ILo million kilometers from Earth 
and Venera 12 was 10.6 million kilometers from Earth. By Novem- 
ber 4, Venera U and Venera 12 were more than 20 million kilome- 
ters from Earth. The French-Soviet gamma ray experiment had 
registered new outbursts of gamma rays of different energies and 
more than 20 weak x ray eruptions on the Sun.^'* 

On November 24. 1978, TASS announced that more than 72 radio 
communications has been held with Venera 11 and Venera 12 
during which some preliminary data processing had been conduct- 
ed. 

SirRFACK EXPERIMENTS. 

Venera 12 was first to r^ach Venus after a 98-day flight, and the 
descent module entered the atmosphere at 11.2 kilometers per 
second on December 21, 1978. The flyby bus continued its flight 
- about :ir),0()0 km past Venus. The temperature on the Venusian 
surface wa{^ 460° C and tne pressure was 88 atmospheres. The 
module transmitted data for 110 minutes; communications ceased 
at 0800 when the Venera 12 module was in the shadow of Venus.^^ 

Venera 11 reached Venus on December 25, 1978, and the descent 
module madi?;a soft landing at 0624 Moscow time approximately 
800 ^kilometers from Venera 12. The temperature on the surface 
wqs^46^C and the pressure was 88 atmospheres. The Venera 11 
lani^r transmitted data for 95 minutes. The Venera 11 station was 
put in a flyby trajectory 35,000 km from Venus.*» 

No pictures were transmitted from the landers this time, and 
Soviet scientists have unofficially acknowledged that the imaging 
systems on both spacecraft failed, 

, RESEARCH DURING DESCENT 

During the descents the Venera 12 lander conducted experiments 
to determine the chemical composition of the clouds and atmos- 
phere, and a study of electric charges in the planet's atmosphere 
from an altitude of 62 km to the surface. ^'^ 

The entire September-October 1979 issue of Kosmicheskiye Issle- 
dovaniya (Cosmic Research) was devoted to technical discussions of 
the Venera 11 and Venera 12 flights. The majority of these articles 
were written on those experiments which were conducted during 
descent of the landers to the Venusian surface. 

The Venera 1 1 descent module carried a backscattering nephe- 
lometer which was designed to measure the aerosol component of 
the atmosphere. Measurements were taken from an altitude of 51 
kilometers to the surface. The greatest signal intensity was regis- 
tered at ol to 48 kilometers altitude. Increased levels were also 
measured in the 17-l;i and 12-8 kilometer altitude ranges. In the 
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remaining regionH, the signal registered below the instruments re^ 
sponse capability.*'' 

Venera 11 and Venera 12 studied low-frequency electromametic 
radiation in the Venusian atmosphere. The discharges of energjM*^ 
sembled terrestrial lightning. The study of electric charges was 
begun at 62 kilometers and continued to thef surface. One thunder- 
storm region was oteerved to occupy an arfea 150 kilometers Hori- 
zontally and 2 kilometers vertically. The mean frequency of occur- 
rence of discharges was far greater than during terrestrial thun- 
derstorms.'*" 

The two spacecraft carried, spectrophotometric experiments, 
called lOAV scanning spectrophotometers. This equipment was 
used to study the spectral composition and spatial distribution of 
scattered solar radiation from 65 kilometers to the surface of 
Venus.^ The lOAV scanned continuously in the visible and near-in- 
frared spectrum and also made circular scans in space. The objec- 
tives of the experiment were: to examine the spepfra! tomposition 
of scattered solar radiation in order to estimare the atmospheric 
content of substances with large absorptionbftnds; to study the ver- 
tical structure of the atmosphere and bflrizontal homogeneity of 
the cloud layer; and to determine the energy balance of the atmos- 
phere of Venus.^° The experiment registered the spectra of the 
Venus daytime sky in the range of 4,500 to 12,000 angstroms and 
an angular distribution of brightness of scattered radiation in four 
filters. Absorption bands of carbon dioxide, water and gaseous 
sulfur "were found in the spectra. It was found that about 6 percent 
of the total solar flux reached the planetary surface.'* 

Venera 11 and Venera 12 carried the Sigma gas chromatograph 
to investigate the chemical composition of the atmosphere. It 
weighed 10 kilograms and used a highly sensitive ionization detec- 
tor. Nine samples were collected during descent between 42 kilome- 
ters and the surface. Mass spectrometers on the two spacecraft 
took 1 1 gas samples of the Venusian atmi .sphere from 23 kilbifie- 
ters altitude to the surface, 176 mass spectra were transmitted to 
Earth. The mass spectrometers revealed that the ratio of argon 36 
to argon 40 on Venus was 200 to 300. tu^es higher than on Earth. 

NON SOVIET-BLOC COOPERATI01& IN SOVIET SPACE 

SCIENCE ^ V 

Part 1, chapter 3 of this study discusses overall international co- 
operation in the Soviet space program. Included in these joint ac- 
tivities are a number of spacecraft, instruments and experiments 
provided by France, Sweden, India, and the United States. A brief 
review pf these cooperative space science missions is provided 
below. ' 



>• Kosmicheskiye IsHledovuniya. vol 17. No. 1979. pp 743-747. 
»" Pis' ma V Astronomicheskiy Zhumal. vol. 5. No. .5. 1979, pp. 229-236. 
«" Kosmicheskiye Isaledovaniya. vol. 17. No. 5. 1979, pp. 714-726. 
" ' Pis'ma. op. cit . pp. 229-2.%. 
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KHANCE 

Ureal 1 and J (Aureole 1 and 2) 

On December 27, 1971, the Soviets launched a French pay load, 
Oreol 1 (Aureole 1), which was a follow-on to the Soviet auroral 
and ionospheric studies conducted on Kosmos 261 and 348. Coordi- 
nated ground observations were made '\.\ Bulgaria, Hungary, East 
Germany, Poland, Romania, Czechoslovakia, and the Soviet Union. 
The French experiments used a three component magnetometer to 
measure low energy ranges of electronic and protons and were sup- 
plemented by Soviet studies on the high energy ranges. 

Oreol 2 (Aureole 2) was launched on December 26, 1973, and car- 
ried essentially the same equipment. Oreol 2's orbit permitted ex- 
tensive probing of the regions where auroral lights occur. Research 
was conducted to determine whether the heat of the upper atmos- 
phere would be sufficient to initiate an Earth controlled thermonu- 
clear reaction for power purposes. 

MAS 1 and J (SRET 1 and 2) 

MAS I (SRET 1) was a 15 kilogram French payload carried into 
orbit along with Molniya 1-20, which was launched on A^pril 4, 
1972. The payload was an engineering test for different kinds of 
solar cells to be used in space. 

MAS 2 (SRET 2) was launched on June 5, 1975, with Molniya 1- 
:}(). The payload had a mass of 29.6 kilograms and was an engineer- 
ing test for thermal protection of space payloads. It had different 
radiation systems and thermally insulated coatings of teflon, 
kenton. and other materials. 

The French satellite Sneg 3 (Signe) was launched on June 17, 
l'.»77. from Kapustin Yar using a C-1 launch vehicle. The payload 
had a mass of 102 kilograms, of which 28 kilograms was scientific 
apparatus. The equipment included: a gamma ray spectrometer, a 
device to study discrete sources of x ray and gamma ray radiation, 
and a device to detect ultraviolet radiation in the solar wind.''^ 

A direct digital communication line was established between the 
Computation Center of the Soviet Academy of Sciences' Space Re- 
search 1 Institute and the French Space Research institute using 
telephone lines. 

Other Cooperative Actirities 

France has participated in several Soviet biological research sat- 
ellites in the Kosmos series. French President Georges Pompidou 
was present at the launch of the first of these, Kosmos 368, on Oc- 
tober 1970. France provided instruments for Kosmos 782, 936, 
and 1129, all of which were oiological research satellites, and are 
discussed in part 2, chapter 4, p. 667, of this study. 

As discussed earlier in this chapter, France provided instruments 
to study the solar wind, the magnetosphere, and solar gamma ray 
and neutron emissions on Prognoz 2 in 1972, and Prognoz 6 and 7 
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carried the French exi)eriinent8 Galaktika 1 and 2 to study galactic 
ultraviolet rays. 

Lunokhod 1 and 2 carried French laser reflectors. Soviet scien- 
tists kt the Crimea' Astrophysical Observatory and French scien- 
ists at the Pic du Midi d'Ossau Observatory bounced laser pulses 
off the reflectors to make exact measurements of the distance be- 
tween the Earth and the Moon. 

The Venera 9 and 10 orbiters were equipped with French-built 
ultraviolet photometers, and Venera 11 and 12 carried French 
hardware to detect gamma ray bursts in space. The Centre Nation- 
ale d'Etudes Spatiales participated in analyzing the data from 
these spacecraft. Increased French participation is planned for the 
Soviet Venera 84 (VEGA) project, which will release two French- 
designed balloons into Venus' atmosphere, as well as send two 
Soviet landers to the surface and then continue on to a rendezvous 
with Halley's comet. 

The Mars 3 spacecraft carried the French experiment Stereo for 
monitoring solar radiation. This was also carried on Mars 6 and 7, 
along with another French experiment called '*Zhemo" for study- 
ing solar proton and electron fluxes. 

V 

INDIA 

In August 1971, an agreement between India and the Soviet 
Union was negotiated for joint development and launch of a satel- 
lite. The agreement was signed on May 10, 1972, and on April 19, 
1975, the Indian satellite Aryabhata (Ariabat) was launched from 
Kapustin Yar. Fifty Indian specialists were allowed at the site to 
witness the launch. 

The satellite had a mass of 360 kilograms, and was tracked by 
the Soviets until its orbit was well defined, after which both the 
Soviets and the Indians tracked it. Experiments covered the fields 
of X ray astronomy, solar gamma and neutron radiation, and parti- 
cle flows and radiation in the ionosphere. While most of the equip- 
ment had been built in India, the solar cells and memory units 
were provided by the Soviets. 

After 5 days of flight (60 orbits), the experiments were turned off 
because of power supply problems. 

Another Indian satellite, Bhaskar, was launched by the Soviets 
in 1979 but this was for applications rather than space science. 

SWEDEN 

Swedish experiments were carriea on three Soviet flights: Inter- 
kosmos 16, Prognoz 6 and Prognoz 7. During the 1979 SAMBO 
project, Sweden launched balloons from its Kiruna range in the far 
northern region of the country for magnetospheric studies, and the 
research was coordinated with the Soviet program, International 
Investigations of the Magnetosphere. 
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UNITED STATES 

By the end of 1980, the United States had directly Participated m 
three biosatellite missions with the Soviets (Kosmos 782, 936, and 
1129). These are discussed in part 2, chapter 4, p. bb7, ot tnis 
report. In addition, the two countries have cooperated in the ex- 
change of data from their planetary probes. 
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TABLE 19.-SUMMARY OF LUNAR DISTANCE FLIGHT ATTtMPTS, 1958-80 



Uuncfi datt 



SpMcrift num 



1958 

Aug. 

Oct 

Nov 

Oec 
1959 

Jan 

Mar 

Sept 

Sept 

Oct 

Nov 
1960 

Sept 

Oec 
1961 

Aug 23 

Nov 18 

196? 
Jan ?6 

Apf ?3 
Oct 18 



17 Pioneer 0.. 



11. 



2 . 
3. 
12 
24 

4 

26 

25 
15 



1963 

ian 4 

Apf 2 

1964 

Ian 30 

July 28 

Dec 11 



Pwieer 1 
Pioneer 2 

Pioneer 3 

Luna 1 
Pioneer 4. 
Luna 2 . 
Pioneer P- 
Luna 3 
Pioneer... . 



Pioneer P-31 
. Ranger 1 
Ranger 2 

Ranger 3 

Ranger 
Ranger 5 

Unannounced 
una 4 

Ranger 6 
Ranger 1 
Centaur 2 



United States 38 Oft)it Moon FalMxpWed 16 km yp. 

*5 38 do Fall^climlwj 113.830 km. fell back over South Pacific. 

do 39 do Fail-cllmt)ed 1.550 km. fell near Africa. 

....(to 6 fly Moon Fail— climbed 102.320 km. fell over Afr ^a. 

U.S.S.R 361 Strike Moon Partlal-mijsed Moon by 5-6.000 km. entered solar orbit. 

United States 6 Fly by Moon Success— passed Moon at 60.500 km. entering solar ortit. 

USSR 390 Strike Moon Success-struck 335 km from visible center. 

United States 170 Orbit Moon Fail— expkided In static test before launcli. 

U S.S.R 435 Ptwto far side Success— returned prctures of 70 percent of far side of Moon. 

United Slates 169 Orbit Moon Fail-sliroud tore away in launch, paykud impacted near Alrici. 



..do 
..do. 



..do. 
...do.. 

do. 

..do. 
.do 



USSR. 
USSR 



176. 
176.. 

306.. 

306.. 

330.. 

331.. 
342 . 



.do Fall— impacted In Africa. 

..do Fail— climbed 13 km and exptoded. 



Vehicle test Fall-intended to climb to 1,102,850 km, but stayed in kjw Earth 

orbit. 

do Faii-mtended to climb to 1.102.850 km, but stayed in tow Earth 

orbit. 

TV. hard land Partial— missed Moon by 36.808 km. no TV pictures or landed 

instruments. 

do Partial— timer failed, fell i far side of Moon, no pictures. 

do Partial— power failure, so missed Moon by 725 km. entered soiar 

orbit. 

... 1.400' Moon soft land Fail-f.artti orbit only. 

... 1.422 do Partial— missed Moon by 8.500 km, barycentric or solar orbit. 



Umted Stales 365 ^ TV before strike Partial— on target, but no pictur*?s taken. 

.. - do 366 do Success— returned 4,308 pictures of Moon to impact. 

do 952 Vehicle test Fail— did not restart and soon fell In Australia. 
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TABLE 19.-SUMMARY OF LUNAR DISTANCE FLIGHT ATTEMP1S, 1958-80-Continued 



W«|M (kg) 



ReutU 



1965 
Frt. 17 
Mar 2 
Ma I? 
Ma 2j 
May 9 
June 8 

July 18 
Aug U 



Oct 4 
Oec 3 
1966 
Jan 31 
Feb ?6 
Mar 1 
Mar 31 
Apr 8 
May 30 
July 1 



Juty b 

AuR 10 

Aug ?4 

Aug 2!> 

Sept 20 

Oct ?? 

Oct 26 

Nov 6 

Dec 21 
196/ 

Jan V 

Hb S 

Ap* V 

ERIC^ 



Ranger 8 

Centaur AC 5 

Kosmos 60 
Ranger 9 . 
Luna 5 
tuna 6 

Zond 3 
Centaur 3 

luoa 1 

Luna 8 . . 
tuna 9 

Apoth) Saluin 201 
Kosmos 111 
luna 10 

Ceniauf 4 

Surveyor 1 
Uploter 33 

ApcHo- Saturn ?03. 
lunar Oft)itef I 
Luna 11 

Apollo Saturn ?02 
Sufveyof 2 
Luna 12 
Centaur S 
lunar OrOaer 2 
Luna 13 

Apotio-Salurn 20-^ 
lunar Ofbiter 3 
Surveyor 3 
lunar OrlMter 4 
Surveyor 4 . ... 



TV before strike Success— returned 7,137 pictures ol Moon to impact. 

do 635^ *r*.. * Vehicle test Fail-exploded at pad. 

USSR 1.470' Moon soft land Fail— Earth ortit only. 

United Slates 366 TV before strike Success-returned 5.814 pictures of Moon to impact. 

USSR 1 475 Moon soft land Partial-relrofire failed, impacted Moon. 

USSR 1 442 do Partial— missed Moon by 160.000 km. entered solar or baryceniric 

■ fxtai 

USSR 890 Ptwto far side Success— returned 25 pictures entered solar orbit. 

United Stales 952 Vehicle test Success-reached 820-824 km out with Surveyor dynamic model in 

barycentric ort)it. 



. US.S.R 


1.506... 


US.S-R 




USSR 


13.583 


Umted States ■ - 


15.331 


U S.S.R 


1.600' 


.USSR 


1.600.. 


United States 


771 .... 


do 


995 


do 


93 



..(Jo Partial— relrofired late, fell on Moon. 



do Success— returned 27 pictures from lunar surface. 

Vehicle test Success— flew suborbitally to land in the Pacifk:. 



..do 


26.535. 


. ..do 


... . 387 


US.SR 


1.604V 


Umled Stales 


20.275. 


do 


. i.ooo. . 


USSR 


1.625' 


United Stales - 


. 726 .. 


r:o 


... . 390 . 


USS.R 


1.595' 


United States . 


20.412. 


. do 


385 . 


.do 


1.035 


do 


390 


do 


1.039... 



do Success— returned physical measurements from lunar ortil. 

Vehicle test Fail— kw Earth orbit only. 

Moon soft land Success-returned 11.237 from lunar surface. 

Moon orbit Partial-failed to approach Moon at right speed, so In baryceniric 

orbil. 

Vehicle lest Success— simulated in Earth orbit a Saturn V flight 

Moon orbit Success-returned 414 pictures of potential landing sites on Moon. 



Moon orbit Success— returned pictures of Moon. 

Vehicle lest Success— mass model of surveyor carried to 465,032 km. 

Moon orbit Success-relumed 422 pictures, of Apollo sites, far side. 



Capsule lest Fail— burned on pad in exercise. 

Moon orbit Success— returned 307 pictures o* ApoHo sites. 



Moon orbit Success-returned 326 pictures of large areas 

Moon soft land Partial— signals ceased at touchdown on Moon. 



of tt)e Moon. 
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i* f^!ll • c 2i Succw-fitunnd data frwn bnir orM. 

*» ' ^Jf^ O*!'" S - •* 3«" Suce«si-rtfiifiiid 424 pietum Mudkii much of fir M. 

** ' Swvnor 6 do 1,008 (loon n(t land Suctm-ntunwd 30,065 pictuni, dimical ind mtefiMie^ sil 

ttudy. 

jj**- 9 ^ 6 •* «.506 ViMcH test „ Sucttss-sknuUtid full knar ntum ritntry in Elfth orW. 

^ ' Suiwyor ] do 1,040 Moon tjft land Succtn-rtturmd 21,274 pietum, chtrtiical analysit of «« from 

tf(nch it dut 

if - " 5 ;•*„ Vifiicie test Sucttss-ttstid lunar moduhln Eartfi oiM. 

g*- } " S.S.R^ 5.375? - do Partiai-fHw to lunar Manet but ncoMty to douM. 

"""'fn^"'" H' " »«' f^-OW not' 10 to lunar dbtanct, but tacoMnd piyloidL 

JJ*-, * l-Ph Ofcurnhmar Succtss-baistle raintiy with bWofieal ubjocU and pleturM. 

^\[ ffx^J united sum 20,577 Manned ttst Success-flex in Earth otW. 

'? lHV. H^iL^c;-. CjfcumuliHiar Success-lifting rtentiy with Mcfieal jpteinwn and pietura. 

, 21 *Wilo 8 united States 43,654 Moon orbit Suctass-inen in kinir orbit and iecwered. 

II* I * Manned test Success-tested lunar module rendezvous, crew recovered. 

"*» f ^^.^^ „ ,?o ^ Success-tested lunar module rendenous at Moon, aiw reooMnd. 

*i I i"™ " S.S.R^ „ 5,6007 Moon soft land PartiH-iunar orbit success, but landing failed. 

J* 1« ""i'?* States 49,698 do Success-fwt manntd lantng on Moon and return. 

251, „ , ,«« " 515 "75? Circumlunif Suecess-liftiog reentry; color and b/w photographs. < 

Syl- » "tosmos 300 U S S R 5,600? Moon soft land FiH-Earth ortJt only. 

Oct. 22 Kosnws 305 U.S S.R 5,600? do Do. 

jjJJ* '* '2 ""f** States 49,804 do "ZZZ1"I. Success-manned mnar^nding and return with part of Surveyor 3. 

'3 * do Partul-explosicn m service module limited flight to ctamhmiri 

crew sivtd. 

^' '2 ^""^ \^ "S-S-R 5,600? do Success-made automated sample colection, returned it to Earth. 

20^ ^"^f, USSg 5,375 arcumlunar Success-ballistic reentry with pbotoriphs. 

J '■""^ 1' USSR 5,600? Moon soft land Success-landed automated roving vehicle for toog-term eiplonllM. 

J*! II *P«ilo 14 United Slates 46,346 do Success-manned lunar lamKng and return. 

i"*/* 52.'59 do Success-manned lunar landHig, roving vehicle, safe return. 

f<" I, '■""^ 5 U S.S.R 5.600? do Partial-lunar orbit success, but aashed on landing. 

28 Luna 19 U S S R 5.600? „ Moon orbit Success-returned photographs and other deta. 

li "-""^ 20 U.S.S.R^ 5,600? Moon soft land Success-made automated sample coleetion, returned it to Earth. 

*«> '6 *<»"9 16 United States 48.606 do Success-manned lunar tandini roving vehicle, safe retum. 

Ok. 7 Apollo 17 .do.. 46,825 do Do 



TABLE 19.-SUMMARY OF LUNAR DISTANCE FLIGHT AHEMPTS, 1958-80-Continued 



Uunch Spactcrift nxm 



1973- 

g l^^2\ USSR 5.600' <Jo Success-landed automated roving vehicle fof long^term expiorition. 

IQ ; \ £j(pjoref 49 ..ZL7..*^ """7." United SUtes 328 Moon oftit Success— radio astronomy from far side of Moon. 

1974 

Mju ifi I 22 USSR 5.600? ^ Success— returned pictures and data. 

Oct 28 Luna 23 USSR .. 5.600? Moon soft land Partial-landed safely, but drill damaged so no sample returned to 

Earth. 

1376' 

9 1^03 24 U.S.S.R 5.600? Success-made automated sample collection, returned to Earth. 

T?ht uue lAdudK ^ known itimts to send piytoid) !e ttit Moon or to dotanns trom E«tti iqual to thi distance o( thi Moon from Earth, together with tot Ihghts in Earth ortit of lunar-assocated hardware, it cannot inchide Swiel tli/A 
r»htf« Nfich dK) nof riac^ Eirtt) oftit becausv these ire not in the putiK (tomain. Hence, the cumuUtM Might of Soviet paytoadi Hmost cvtamly understates reality. 
2. We^tits Wed Iff i<«f*m ^ - ^ 

i. V ^Jr^]i,,7SZZ^^^ H WiTM rj? ?S ffiJIU ort^t « « . n„hi, V m th, »tofl. .iti«uth .»t 0. «iim.M 

*^ T^sSrt'S^H'^LSirtm'i^ inw the tKt to th« fitjl fliihtj w« It th« tiflw «« Jimiity Rockits. with th» th«d on» cHW jn Atitomite lnt«i)lnw!«y StatiW (AIS 1). Lum 1 wis ibo mUk) MicMi (Drwn). 

Scwcn Sa»«t <i)U « trim SoMt r»$s BuMm lor Dti nwt pirt. unMnwiHd ty mftrmtiil judtmwti thit som tath ortntH hj|hlj wtre iknott ortwHy luw JttwpU "•"^•''Wc'SJf^.SflJ? t ti 

SfMlmni ol OUttiM bifofj the deitw (K HASfc EstlRUt«) i»ii|Mj o( luM 11. 12. 13, md U tiy OH Woods. Vfcihts d Um 15 thfou|ti limi 24 «) 2ond 4-8 were estunited tiy the Ronil Axcfifl t«mi»B»«t 

TABLE 20.-CUSSIFICATION OF SOVIET LUNAR RELATED PAYLOADS BY FLIGHT PERFORMANCE 



«,t MX S 'w "KS" ^ir 



1957 
195« 
1959 
I960 
1961 
1962 
1963 



3A 3A lA , 




If 



lA lA 2A 

5^ 



m. 
im 
m 
mi 
m 

IN) 

1)70.. 

1)71.. 

1)72.. 

1)7} 

1)74.. 

1)75.. 

1)76.. 

1)77 

1971.. 

1979.. 

m 



IR 



2R 
2R 



lA 
lA 
211 





SA 


3A 






SA 


6A 


2A 


3A 






3« 








lAM 


1A3R 




lA 


2K 


lAlR 


3A1R . 


lA 


lA 


11 


3A1R 


3A3R 


2A 


2A 


lAlR 


3A 


3A2R 


lA 


ik 


2A 


2A 


lA 


lA 


lA 


lA 


lA 


lA 


lA 


3A 


3A 


lA 


2A ......... 




2A 


2A 


lA 


lA 


lA 



Tow. 



SR 



1 SuffiNS. A AutewM pudoifc R Mm-nliM pwMi: M Miimd phM. 

2 For (ta PNfpcM (t mm. fmm 1.59 )i.lN7. Itami 379 Ml 970, M Kimm 391 Md 434 Im 1971 m 



SA2R 



29ASR 



34A12R 



14A 



14A 



3A4R 



Of 4 mmm thf counts of Iww tm-mM m UM 10 of pin U 3? ind Mi M. 

3. TUn taM nptaM ttf mma in numftm bMwun luw m IWMi •M irivM M Iv awiy n M 
i ^..^^ nir« bMn kiw faluni iMi dU ntt Mtiin ivw UrtN OfM. iRd ttwvtoi ftHMnf • 

5 TUt UMi don not ndudi ZoMt 3 of 1965. i Mn dumtk llfM wMito ntemtf liw fidni 

6 Tin puM QOMHt ocndi tfn iaunrti count by 5 bicaHN of tampii ntma 3 of wMdi ntemd to M. 



oounM m mm i m t i hMr-nM i^ils Mm^ tMi ii mt proMMi h m 



woo. TNl ICOIlMl fif M dtftovioi 



TABLE 21.-aASSIFICATI0N OF U.S. LUNAR RENTED PAYLOADS BY FUGHT PERFORMANCE 



(nlwdid to bi 
StfOofMif only 



MmM (or 

EvttiOftftM 



InMid for 

ElfVl Oftit wd 



htM^rf for 
!1 hMrr 



TotHlMir 



m- Lata I^M 



1957 

195t 

1959 

1960. 

1)61.. 

1)62.. 



IR 
1A2R 



4A 

2A 
2A 



2A 



lA 

"3a" 



4A . 
3A, 
2A, 
2A1R . 



ERIC 



15 



TABLE 2l-ClASSIFICA.T!0fi Of U.S. LUNAR REIATEO PAYLOADS BY FLIGHT PERFORMANCE--Contif 'jad 



ton 



Jin 



tm 

MWii 



M4r 



ftM Mm to 

tiitk 



1963.. 

1964. 

1965. 

1966.. 

1967. 

1966.. 

1969.. 

1970.. 

1971 

1972 

1973 

1974 

1975. 

1976. 

1977. 

1971 

1979. 

1910 



311 
M 
211 
311 



lA 

■■(iij" 



U 
1A3II 
311 
IR 
IR 
3R1M 
2M 



lA 



lA 





4A2R 


1 k 


2A 






3A 


4A5R 


2A .... 


6A 


4A5R 


2A 


tA 


7A4R(1M) 


2A 


lAlM 


8A1R 


4A 


6M 


IA3R2M 


lA 


1R2M 


8M 


2M 


3R4M 


1R2M 




3R4M 


3R4M 


2M 


lA 


lA 


2M 



Tow. 



U13R 



lA(lM) 



ZA11R3N 



9A 



3A 25A7R17M 41A31R21M 



12A6M 



Notes 
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TABLfc 22.-WORLO SUMMARY Of PIANETARY DISTANCE FUGHT AHEMPTS, 1960-80 



ifKMttn MM 



1960: 

Mjr.U. 



2A 
4A 
IM 
3M 



2M 
2M 

lA 



7A8M 



m 

3M 
li 
2M 

211 



9M 



Unitid SUth 43.. 



Oct 10 

ERIC 



UniduwwMcid.. 

do 



U.S.S.R.. 

\i.m.. 



640?.. 
640?.. 



mtirplmiiry twrtcd Sun Succw-rjturw^diU from 36.2 

Mm Fi«-did irt mch Eirth wtit 

do 00. 



1961: 

to. 4 TyazMiy Sputmfc 4 U.S.S.R 

J*. 12 Vtnefi 1 U.S.S.R 

1962- 

Juljf 22 Mariner I United Stite$ 

tag 25 Unicknowledgad U.S.S.R 

Aug 27 Manner 2 United States 

Sipt I UnadtnowMged U.S.S.R 

Sapt 12 do U.S.S.R 

Oct. 24 do U.S.S.R 

Nov. I.. Mars I U.S.S.R 

Nov 4 Unacknowledged U.S.S.R 

Nov 11 . .. Kosmos21 U.S.S.R 

1964 

Mir 27 Kosm05 27 U.S.S.R 

Apr. 2.. Zood 1 U.S.S.R 



Nov 5 Marinef 3 United Staler 

Nov 28 . Manner 4 do 

Nov 30 Zond2 U.S.S.R 



1965 

July 18 . IM2 U.S.S.R.. 



Nov 12 Venera 2 USSR. 

Nov 16 Venera 3 U.S.S.R. 



Nov 23 Kosmos 96 US S.R 

Ok. 16 .. Pioneer 6 Umted Stales 

1966 

Aug. 17 . Pioneer 1 do 

ERIC 



MO? Venus Fiil--Ejrtti ortit only. 

• M4 do Pirtiil-^ommunications faM. 

pissed Venus at 100,000 km. 

202 Venus flytjy FUl-Htestroyed at 160 km. Uti* 

tudi. 

890? Venus FiH>^ ortW only. 

203 Venus f)ytoy Succtts-pissed Venus at 34,153 

km. 

890? Venus Flil-'Eirth Oftit only. 

890? do Do. 

890? Mars Do. 

894 do Pirtial-«mmunications failed. 

pissed Mirs at 191.000 km. 

890? do Fm-'Eirth ofbit only. 

890? Venus test Do. 

890? Venus Do. OP 

890? do PirtiilMttwminicitkm fiiW. ^ 

pissed Venus it 100,000 km. 

261 Mars flytv Fiil-jhroyd ^ not seperiti, 

ttirown into wroftf ortM. 

261 do Succiss— returned 22 pictures. 

890? Mars Pirtiil--communicitions Med. 

pissed Mirs it 1,500 km. 

890? Mars test Succtss-rttumed 25 plctuns o( 

Moon 'fir side, Fetrinsmitted 
from Incmslni diitinoes. 

963 Venus flytv PartiiMommunications Med. 

960 Venus land Pirtiil-communications failed. 

Struck Venus 450 km. from 
visible center. 

960? Venus Fiil-^ ortitonly. 

61 Interplanetiry toward Sun Success— returned data. 

61 Interplanetary away from Sun Do. 



IGu 



TABU 22.-WORLD SUMMARY OF PUNETARY DISTANCE FLIGHT AHEMPTS, 1960-80-Continued 



UuncH ditt 



MissJOn 



Results 



1967 
June 12. 



Venera 4 : U.S.S.R. 



June 14 

June 17 
Dec 13 

1968: 

Nov. 8 .. 
1969 
Jan 5 



Jan. 10 .. 
Frt. 25 - 

Mar. 27... 

Xn XX . 
XxxXX 
Aug 27 
19/0 
Aug. 17. 

Aug 22 • 
1971 
May 8 
May 10 
May 19 

May 28 . 

May 30.. 

O 

ERIC 



. Manner 5 United Stales.. 

. . Rosmos 167 U.S.S.R 

.. Piooeer 8 United Stales.. 



Pioneer 9 do.... 

Venera 5 U.S.S.R., 



. Venera 6 U.S.S.R 

. Manner 6 United States.. 

Mariner / do 



Unacknowledged U.S.S.R .. 

Unacknowledged U.S.S.R... 

Pwneef i U.S.S.R... 

U.S.S.R... 

U.S.S.R. 



Venera 7 . .. 

Kosnm 359 . 

Manner 8 
Rosmos 419.. 
Mafs 2 ... . 

Mars 3 . . 

Manner 9. .. 



1 106 Venus land Success— returned direct readings 

of atmosphere to 25 km. alti- 
tude. 

245 Venus (lytv Success— returned data, passed 

Venus at 4.094 km. 

1,100? Venus Fail— Earth orbit only. 

66 (nierplanelary away from Sun Success— returned data. 



67 Interplanetary toward Sun... 

1.130 



Do. 



Venus land Success^returned direct readings 

of atmosphere to near surface. 

1.130 do Do. 00 

380 Mars (lytv Success— returned 24 pictures and Jg 

other data. 

380 do Success— returned 31 pictures and 

other data. 

4.650? Mars soft land Fall-did not reach Earth Oft)it. 

4l650? do Do. 

65 Interplanetary at Earth orhit Fail-~*sUoyed by range safety. 

1180 Venus soft land Success— sent back data from at- 
mosphere and surface of Vetius. 
,1180 do Fail— Earth orbit only. 



Umied Stales 1.029 Mars orbit FalMett in Atlantic Ocean. 

USSR 4.650? Mars soft land Fail— Earth orbit only. 

USSR 4 650 do Partial— returned data from orbit- 

er. but lander destroyed. 

USSR 4 650 do Success— returned orbital data arxl 

survived landing. 

United Stales . 1 030 Mars oroit Success— returned 6,785 pictures 

of Mars. 



161 



1972: 

Mjr. 3 . 
Mar 21 
NUf. 31 

1973: 

Apr. 6... 
July 21. 
July 25 
Aug. 5 . 
Aug 9 
Nov 3 



Piooier 10 do 

Venefi 8 U.S.S.R 

ltesmosi82 U.S.S.H 

fioneer II United Stales 

Mars 4 U.S.S.R 

Mars 5 U.S.S.R 

Mars 6 U.S.S.R 

Mars 7 U.S.S.R 

Mariner 10 United States 



1974 Oec lO 

1975: 

JuM 8. . 

JufW 14 

Aug 20 

Sept 9 
19/6 

Jan. 15 . 
1977 

Aug. 20 



Helios 1 .. G.F.R/U.S 

Veflera9 U.S.S.R 



Venefa 10 U.S.S.R 

Viiting 1 United Slates 

ViKing2 60 



HelK» 2 G.F.R./U.S 

Voyager 2 United Stales 



Sept. 5 

1978 
May 20 

Aug 8 

ERIC 



Voyagef 1 



.(Jo. 



Pweer Venus 1 . ...do . 

Pxxw Venus 2 do. 



258 Jupiter flyby Success-returned pictures and 

other data. 

U80^ Venus soft land Success-atmosptwic data irxl 

^ soil analysis returned. 

1,180? do .T. Fail-Eirth ortiit only. 

259 Jupiter. Saturn flytjy Success— returned JupHer and 

Saturn pictures and data. 

*.150? Mars orbit Partial-returned data from flyby, 

but did not enter orbit. 

*.150? do Success— returned data and pic- 
tures. 

4.150? Mars soft land Partial-returned data from flyby. 

but lander signals ceased. 

*.150? do Partial-returned data from flyby, 

but lander missed by 1.300 km. 

504 Venus. Mercury flyby Success— returned pictures from 

Venus and pictures from Mercu- 
ry three times. 9& 

370 Sun approach Success— returned data. 

4,936 Venus soft land Success— returned pictures and 

other data. ' 

5,033 do Do. 

3.400 Mars soft land Do. 

3.400 do Do. 

376 Sun approach Success— returned data. 

700 ter. Saturn. Uranus flybys Success— returned pictures and 

data from Jupiter and Saturn en 
route to Uranus. 

700 Jupiter. Saturn flybys Success— returned pictures and 

data from Jupiter and Situm. 

549 Venus Success— returned data and pi^ 

tures. 

904 Venus probe Success— frve vehicles returned 

direct data from atmospliere. 

1 b'2 



TABLE 22.-WORLD SUMMARY OF PLANETARY DISTANCE FLIGHT ATTEMPTS, 1960-80— Continued 



UuACh dafi 



g Venera II U.S.S.R 3.940? ^ Venus soft land Success-returned data from sur- 

face. 

Sept. U . Venera 12 U.S.S.R 3.940? cJo Do. 



Notes 

' 1 'hi tabic .ncWn known ittefflots to swd Myto*ft to the pianels or mlo m orbit, no! rnduAni mlwiW to go to lt» Moon wftich only modwtally may hive escaped tarycwlric ortjt lo <jt« motMUic m p« on'y,y««j; 
•ftch ttJ XiSn^uSncTjSSi^ iiigtils fof wtiKh tfjere u no puWk record o» fa^iuTe dates « 1969 This cftjid mean that Mars flights uwg the 0-M vehicle began in that >ear. but (aried to reach 

Earth orbit 

3 Ta^lw mSf«!Jls.''tti'*^ has been awgnid by .nlerence. in terms of the context of the t.me m *h«h it toe* piace Some o< the Soviet flights to the piaoets may hive been ortHters or Undw. but no attempt has been made to guess 

^ T^lw XSJis »"f!rf2r!l J5!I5*tiat artilrar>. Aity flight slaying m reUtwty kw Urth orbit « wll as thoje not achwg Earth orbit are counted as failures. Flights at toast approaching interpUnetary distances although not .achieviftg 
thw estimated |oi received the ratirtg of parlMl success * 

Sources Soviet data are irom Sov«! Tass Bufletms for the most part, supplemented by fnle.efitial judgments that some Earth orbrtat nights were almwt certainly pUrtetary atternpts *^.'ChfiiW, based ofl tht <im«igol thelaunch. the natuje oj 
the dSrs^fi ^h ofW !he lauKh rthicto wed and the ort).tai wth^KHeTiTs data are based mostty on KASA press releases. Weight estimates for the fflore recent Mars and Venus flights the Russans have been varied from the weight of 
Mars ; and 3 at the suggestion of 0 R Woods and C P to reflect approxMpate requirement effects on pcyloads. 
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TABLE 24.-CUSSIFICATI0N OF U.S. INTERPLANETARY RELATED PAYLOADS BY FLIGHT PERFORMANCE 
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TABLE 24 ^CLASSIFICATION OF U.S. INTERPLANETARY RELATED PAYLOADS BY FLIGHT PERFORMANCE^Continued 
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TABL1.25.---SUMMARY Of PWNETARY/WINDOWS 



SMiUMt WMSMk SmMUmi UnMSMi 



19(0 — Pif 

1961 P.ifwin I 

1M2 P/,P I. liiriwr 2 F. ««« >. f 

1913 

1964 ; P. Zo«d 1 Now Zond 2 {Zond 3) Mirinir 3, MKimr 4. 

1965 Vimri 2, Viwi 3, P Now 

.1966 

'l967 Vw« 4, \ 5 Hone Hone. 

1961 

1969 V«WJ 5. Virwi 6 Nom P.P ^Mm 6, teiwf 7. 

1970 Vl«fi7. F Mom 

1971 F, Hits 2. Hin 3 Mariner 8. Ibfiner 9. 

1972 1— Veneris, P Hone 

1973 None teiner 10 Miri 4, Mirs 5, iifs 6. Hone. 

1974 

19/5 Venera 9, Vwa 10 Hone Hone ViWnj I. Vikini 2. 

1976 

1977 Hm Hone Hone Hone. 

1978 Venera 11, Venera 12 Pioneer Venus 1, Pioner 

Venus 2. 

1979 Hone Hone. 

1980 Hone Hone 

I TIM UbH rmKts iMCta {wMh weauioMMiM] (F) to Man nd to by »t SovM IMon »d tto 
SSSfl^SSS'iJ^^ fwtion; M« eeieitiffte cm miy 25 nwths irt i frictiofl; euct rnrny^ ^ 

HVHT l« rMMtt of ttpMi ifrf Wh/tibpLM dbcour^mit Ttj pithni has ncluded i much [argir numbir o( iMvn opportwuts, 
noitfy for bidipUnF rmons 
Sowctt Simmaruid trem off« tMs actonvenymi ^ dupdr. 



Chapter 4 
Applications of Space to the Soviet Economy 



EARLY RECOGNITION OF POTENTIAL USES OF 
APPLICATIONS SATELLITES 

Although Soviet writers early recognized the potential applica- 
tions of satellites to a wide variety of practical uses, including com- 
munications relay, ^ direct broadcast, weather observation,^ naviga- 
tion^ and traffic control, study of Earth resources, and develop- 
ment of permanent manned stations in orbit which would perform 
many tasks,^ the Russians were initiall;^ slow to exploit space. 
Whereas the first civil applications satellites appeared in the U.S. 
program in 1958, the vear of the first successful American flight, 
equivalent Soviet flights were delayed until 1965. Thus, despite 
seemingly advanced space exploitation technology, the Russians did 
not move as rapidly from first flights to operational systems as did 
the Americans. 

COMMUNICATIONS SATELLITES 

With its vast underdeveloped areas, the Soviet Union benefits 
greatly from communications satellites, Regions which are remote 
and difficult to reach are interconnected by satellite without the 
expense of laying cable through difficult terrain to operate under 
harsh weather conditions. Through the use of satellites, reliable 
telephone and television service can be brought inexpensively to all 
parts of the Soviet Union. In view of such geographic and economic 
advantages, it is not surprising that the first satellite domestic dis- 
tribution system in the world was the Soviet Orbita system. 

Early Experiments 

At the International Astronautics Federation annual meeting in 
Stockholm, in August 1961, Arnold W. Frutkin, Director of NASA's 
International Programs, suggested to Academician Anatoliy A. Bla- 
gonravov, of the Soviet Academy of Sciences, that the two nations 
communicate with each other by means of the balloon satellite. 
Echo 1, as a gesture of friendliness and a step toward cooperation. 



» Shmukov. P.V. Tekhnika Kino i T(?l€videniya No. 4. IDGO.^pp. 3-7. 

» Kondrnfyev. K Ya. Uspekhi Fizichenkikh NauU. vol. 74. No. 2. 1961. pp. l93-22i;. 

Siforov. V I. Priroda No. 6. 1966. pp. 2-3. 
♦ Bubnov. I.N.. and L.N. Kaminin "Manned Space Stations." Voyennoye Izdatel'stvo Minis- 
lerstva Oborony SSSR. Moscow 1964. 
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On diHcovt'rin^' that the height, of the orbit did not provide the 
mutual visibility necessary for a direct link, it was agreed that the 
Nuffield Radio Astronomical Observatory of the University of Man- 
chester at Jodrell Bank, England, would be used as the U.S. termi- 
nal through the conventional transatlantic submarine cable. 

Although 3uch an aim was never achieved, an agreement 
reached on June 8, 1962, between Dr. Hugh L. Dryden, Deputy Ad- 
ministrator of NASA, and Academician Blagonravov to conduct ex- 
perimental passive communications transmissions using Echo 2, 
was fulfilled in part during February and March 1962. The plan 
called for unmodulated and modulated carrier, teletype, slowed 
speech, facsimile, and telegraph (Morse code) two-way transmis- 
sions to be beamed via the satellite between Jodrell Bank and the 
radioastronomical facility of the Gorkiy State University at Ze- 
menski. Only transmissions from Jodrell Bank were made.^ 

Although space communications in the form of command con- 
trols had been tested in many previous Soviet flights, and voice and 
television circuits were tested as early as 1960 in the Korabl Sput- 
nik series, Kosmos 41 which was launched August 22, 1964, was the 
first clear precursor of the present Soviet operational communica- 
tions satellite system. ^ 

At the time, Kosmos 41 was given no special description or pub- 
licity. It could not be judged from published sources whether this 
flight was designed only to test the m.echanics of achieving a 12- 
hour semi-synchronous orbit, and to gathor geophysical data and 
information on the durability of solar cells in exposure to the space 
environment at those altitudes, or whether the mission was intend- 
ed as the first of the Molniya 1 flights, and the communications 
part of the payload suffered a catastrophic failure. However, as 
soon as the orbital elements were published. Western observers 
were able to identify its most likely mission as being associated 
with p\am for a communications satellite. This was confirmed in 
IIH-,!).'' 

Thk Molniya and Orbita Systems 

The first Molniya 1 (Lighting) satellite was launched on April 28, 
1 !)(•.;"), in a flight nearly parallel to that performed by Kosmos 41 
the previous year Molniya 1 was described as having the main 
tM.sk of relaying television programs, long distance bilateral, multi- 
channel telephone, radiophoto, and telegraph communications. Two 
days after the launch, the first television broadcast was relayed 
from Moscow to Vladivostok through Molniya 1. On the 27th of 
April, a return program was carried from Vladivostok to Moscow 
for further distribution by land line to ill the Soviet bloc country 
members of the Intervision system. 

Since the initial orbit attained was not precisely 12 hours, the 
satellite would not repeat the same ground trace. Hence, on May 4, 
IDHn. It was announced that correction engines had been fired to 
perfect the orbit to that originally hoped for, so that it would not 

■ K.il.i.-hiiik..'. N V I. Y,i Kanlor and V I. Bykuv Kk-klr.jhv.va/.. vol lit. No T. 1 ',)»).'), pp 2:>- 
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^{ladually drift to a Iohh desirable position in relation to Soviet 
ground stations. 

Molniya 2 and Molniya 3 series satellites appeared as time went 
by and, at one time, all three types were operational simultaneous- 
ly. The Molniya 2 satellites were phased out and currently eight 
Molniya 1 and four Molniya 3 satellites are operational at any one 
time. Molniya provided the first routine color relays and forms the 
basis of a Washington-Moscow ''hotline". 

From time to time there are reports of results obtained from sci- 
entific instruments carried onboard Molniya satellites. As de- 
scribed later in this chapter, the third and fourth Molniya-ls trans- 
mitted TV cloud-cover pictures back to Earth.'' ® Muiniya satellites 
have also been used to study particle flows within the radiation 
belts surrounding the Earth. Two simultaneously operating Mol- 
niya 1 i.dteliites were used in January and July, 1971, during mag- 
netic storms of different inteiijities to investigate the dynamics or 
relativistic electrons in the outer belt inside and outside the plas- 
masphere,^ and a Molniya-2 satellite gathered data on protons and 
alpha-particles on October 25, 1975.*^ 

DESCRIPTION OF MOLNIYA 1 

The Molniya 1 is a complex craft somewhat similar to the early 
lunar and planetary craft. The main body is a pressurized cylinder 
with conical ends and external cooling/heating coils, related to the 
temperature regulating system, which are wrapped around the 
main cylinder. There are also small correcting locketo to maintain 
the attitude of the spacecraft in the required position. Atop the 
main cylindrical body are the special correction motor system and 
Sun-seeking optical sensors. This subsystem is conical in shape and 
is surrounded by a ring of gas bottles containing fuel for the correc- 
tion system. 

At the opposite end of the main body are Earth-seeking optical 
sensors. Extending from either side of the main body are the struc- 
tures for two high-gain antenna systems, steerable parabolic dishes 
used for the main communications tasks. Also, at the bottom of the 
main body are six fairly long panels which fold outward to radiate 
from the main body like petals on a daisy. These are covered with 
solar colls to power the qra^ft. They generate 500-700 watts over a 
long period of time. Figure 'M] shows this configuration. 



•* Krj«.*^?i;u;i Zviviiii. Mosiow. (Kt Jli. I'Hir., p 1 

^S^-nchun). IN and PI Sharin. Kt>srmch»^kivr ISv^Uf^nvHniya. vol \ \'-*^'. , pp 712- 

717 

•"runit^vuk. M I and N A V'laj^ova, Kosniicheski ve Is-s^ vjovaniya. voi i\K No 1, W\, pplu- 

^1 
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Figure 33.— Molniya 1 Satellite 

Inside the craft are the main communications receivers and 
transmitters, the buffer batteries, various sensors and telemetry 
systems, an on-board computer, and other necessary equipment for 
housekeeping and control. . • * i 

The directional parabolic antennas have a gam of approximately 
18 db According to a Soviet account, the Molniya 1 Sun sensor 
locks onto the Sun to maximize the power for the solar cell system, 
and there is a gyrostabilizer to maintain this attitude. The liiarth 
seekers then lock onto Earth and are used to point the parabolic 
antennas to maximize signal strength. The ground stations on 
Earth also track the satellite and point their own antennas directly 
at the satellite. The two antennas are not used simultaneously. The 
second antenna is supplied for redundancy to extend useful lite.- 

In 1976, Maarten Houtman of the Netherlands noticed that the 
Molniya 1 displayed in the State Tsiolkovskiy Museum of the His- 
tory of Kosmonautics at Kaluga had a four-helix array surrounding 
the horn. A photograph of this was published in The Royal Air 

Forces Quarterly.* 2 ^ , . . i • *i 

The communications equipment of the satellite incluoes three 
complete transceiver systems, one active, and two as standby m the 



' ' Aviatsiva i Kosmonavtika. No, 7. 19H8. pp. 17-20. 

Perry. d.E. R.A.F. Qy.. London, vol. 17. No. 2. summer 1977, p. l.>7. 
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interest of redundancy to extend operational life. Most of the 
equipment is solid state except for metal-ceramic triodes, klystrons, 
magnetrons arid traveling wave tubes. The useful life of the tubes 
is 40-50 thousand hours. Although in the first models the input 
noise level was 2,000-3,000 "^K, tunnel diodes were soon to reduce 
this by a factor of 2 to 3. There are four traveling wave tubes, used, 
three active, and one as a spare. Television service is provided in a 
frequency range from 3,400 to 4,100 MHz, and other telecommuni- 
cations in a frequency range from 800 to 1,000 MHz. Television is 
transmitted at a power level of 40 'vatts, and data and telephony at 
20 watts. 

The capability of the payload includes a complete television 
channel with additional capability for television audio, multichan- 
nel telephony, VHF telegraphy (by multiplexing some of the tele- 
phone channels), and photofacsimile.^^ 

DESCRIPTION OP MOLNIYA 2 

On NovonilM^r 24, 1971, the U.S.S.R. launched its first Molniya 2 
communications satellite. The same launch vehicle was used for 
the Molniya 1 launch so it may be presumed that there was no 
great increase in the size and weight of the satellite and that the 
main improvement lay in the electronics. Solar panels were in- 
creased, adding about 50 percent to the power. With the change to 
the higher four and six gigahertz (GHz) frequencies, the earlier um- 
brella-like antennas with their clusters of three horns were re- 
placed by arrays of five horns each. This configuration is shown in 
figure 34. 



AvmLsiya i Koemonavtika. Ko. 7, 1968, pp. 17-20. 
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KiouRE 34.— Molniya 2 Satellite 



The Molniya 2 annoancements mentioned "international coop- 
eration," a phra.se absent from standard Molniya 1 announcements. 
It had been suggested that this, along with the use of higher fre- 
quencies, may have suggested a move toward compatibility with 
th D Intelsat system, but this now looks less probable 

DESCRIPTION OF MOLNIYA 3 

The first Molniya 3 was launched on November 2, 1974. To date, 
no model of the spacecraft has been put on public display. The 
principal difference between Molniya 3 and Molniya 2 satellites 
seems to be its color television relay and higher communications 
frequencies. Earlier Molniyas broadcast mainly black and white 
television and numerous experimental color programs. 

THE ORBITA SYSTEM 

Orbita is the name used to describe the total complex of ground 
stations used in conjunction with dedicated communications satel- 
lites. Each can receive televir^^^r transmissions relayed through 
geosynchronous and Molniya satellites, with further relay to the 
surrounding area. Additionally, the Orbita stations can receive and 



^* Flight Internauonal. Keb. 8. li^TJi. p- 206a. 
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trunnmit telephones t€*lugraph, t'acsimile, and weather data via the 
Molniya satellites. 

The first year of operations was limited to tests between Moscow 
and Vladivostok of the several types of «'ervice possible through the 
system. By 1966, the Tirst phase of installation of Orbita stations 
was completed to make service more widespread. Each later year 
has brought an additional increment of ground stations. A special 
effort was made to have the Orbita system operational over much 
of the country by the fall of 1967 the celebrations of the 50th anni- 
versary of the LJ.S.S.R. On November 2, 1967, operations opened to 
23 points for regular service to 100 million persons.** Another con- 
centrated effort to add stations in more remote regioru of the 
Arctic and easterp Siberia was made before the celebration of the 
centenary of Lenin's birth in 1970. 

The number of ground stations increased as time went by and, 
by the ond of 1981 some 90 stations were installed in many politi- 
cal-adniinistrative centers and large cities of the Soviet Union. The 
introduction of the Moskva system see p. 933) and the addition of 
satellites in geosynchronous orbits has not diminished the impor- 
tance of the Orbita network.*^ 

Television signals are transmitted from television studios in 
Moscow through ground communications channels to one of the 
ground transmitting stations for communicating with a satellite, 
^i'hey are then emitted through the ground station's antenna to the 
satellite where, after reception, thev are relayed immediately to all 
receiving stations of the Orbita network located at the time in 
question in the zone of mutual radio contact from satellites and set 
aside for working with each specific type of satellite. 

Television signals received by the Orbita ground station from the 
satellite are sent to the local television center through wideband 
cable lines and over considerable distances by a radio relay link. 
Finally, the local television center bv means of its transmitter and 
television antenna transmits and relays the television program re- 
ceived through the Orbita network to ordinary collective- or indi- 
vidual-uce station antennas. 

Selection of the positions of Orbita ground stations, in addition to 
consideration of Sne convenience of placement of a direct connec- 
tion by cable or microwave link to the local television center, takes 
into account the influence of industrial interference and avoidance, 
whenever possible, of intersection of the ground-satellite-ground 
lines of sight with air routes. 

Many of the ground stations are ''transceiver" stations. This 
means that they can be used not only to receive television pro- 
grams froin Moscow, but also to transmit locally produced pro- 
grams to the capital.*^ 

A great number of telephone conversations or relays of radio 
broadcasts can also be carried via the Orbita transceiver stations 
using a frequency-division-multiplex system. Each telephone chan- 
nel of kHz bandwidth can accommodate up to 20 telegraph tele- 



»^ M<)sc-.)w Kiidio. Oct. 2^». VM)i) G ni t 

''^ A^jadzhanov. PA. A A. Bol'shttv and V.I (Jalkin Communications Satellites Izdatel'stvo 
Znanivf. p 
» ■ Idem 

"*Svoren. R Nauka i Zhizn. I>acember V^Hl 
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printer signals, each of which requires only a 50-60 Hz bandwidth. 
The Orbita system is also used to send pages of the central newspa- 
pers, such as Pravda and Izvestiya, to remote regions so that local 
printers can make up the printing matrices at virl'ially the same 
time as in Moscow, whereas previously they had to be delivered by 

The space segment currently consists of one Molniya 3 satellite 
in its highly elliptical orbit with Raduga satellites at Statsionar 2 
(35 'E) and Statsionar 3 (85 

Description of a typical Orbita ground station 

Orbita stations are circular and constructed of reinforced con- 
crete. The roof of each station serves as a foundation for the instal- 
lation of a high-efficiency, fully rotatable, parabolic antenna 12 m 
in diameter. The antenna design allows for operation of a tempera- 
ture range from -50 to +50 'C and at wind speeds up to 36 m/s. A 
shaped feed horn contributes to the utilization factor tor the sur- 
face of the antenna of approximately 0.7 in the 4/6 GHz band. The 
gain/temperature specification for stations with these antennas is 
31 dB/K. For several links 25-meter antennas are employed. 

Antenna pointing is effected by the use of electric motor drives. 
The tracking system controlling these drives can operate in either 
the programmable or autotracking mode. 

The antenna-pointing apparatus, receiving equipment, and the 
switchboard which transfers the signal to and from local land Imes 
together with the associated conversion equipment is housed m a 
central hall beneath the antenna. 

Separate compartments and rooms located around the outside of 
the central hall contain the air conditioning and cooling for ihe 
entire apparatus and the control system for the antenna-pointing 
equipment. An additional block is necessary for equipment to sepa- 
rate the audio and video signal components.*" 

Figure 35 is a drawing of a typical Orbita ground station. 



•o Pravda. Moscow, Oct. 29. 1967, p. 3; Second United Nations Conference on the Exploratwn 
and Peaceful of Outer Space. National Paper: U.S.S.R.. A/CONF. lOl/NP/30. Sept. 2. 1981; 
Agadzhanov, P.A., et al.. idem. 
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The operation of eacli of the Orbita stations is similar. The sig- 
nals from the antenna are fed through the wave-guide to the band- 
pass filter, through two low-noise parametric amplifiers, which in- 
crease signal strength 100 million times, and then on to the rest of 
the receiving terminal equipment. The first parametric amplifier is 
cooled by liquid nitrogen and operates without frequency conver- 
sion. The second Aarametric amplifier is not cooled and operates 
with a double frequency conversion. For op . rating convenience, 
even at the cost of ^ome noise, all the receiving equipment is locat- 
ed in the same chamber. The equipment is mounted on a standard 
bay with an IF filter and preamplifier, as well as quartz crystal 
heterodyne oscillator with a frequency multiplier and an additional 
IF filter which prevents overload of the amplifiers by locally gener- 
ated noise. A tunable beat frequency oscillator is included to pro- 
vide for manual tuning of the signal in addition to automatic 
tuning provided by the quartz crystal heterodyne oscillator with a 
frequency multiplier.^* 

The quality of the television picture output from the ground sta- 
tions is, in most respects, fully adequate by international stand- 
ards. The scanning standard is 625 lines/frame, 25 frnmes/second 
with audio integral to the video b^nd on a PCM basis. The signal is 
transmitted from the Orbita grxnind station to the local broadcast 
television station by a single Hop, point-to-point microwave or co- 
axial cable link. Further improvements in the Orbita stations have 
been adding the capability of sending and receiving radio telephone 
and facsimile signals between the station and six Molniya satel- 
lites. Still other equipment being added to Orbita stations will 
greatly expand thefr capacity to provide the complete range of tele- 
communications activity, including computer data relay.^^ 

lAK-ation of ground stations 

When the first phase of Orbita station location was complete in 
November HHiT, there were two-way transmission stations at 
Moscow and Vladivostok as well as receiving stations at Mur- 
mansk, Arkhangelsk, Skytyvkar, Ashkabad, Frunze, Alma-Ata, No- 
vosibirsk. Surgut, Vorkuta, Kemerovo, Norilsk, Krasnoyarsk, 
Bratsk, Irkutsk, Ulan-Ude, Chita, Yakutsk, Magadan, Komsomolsk, 
Yu/hno-Sakhalinsk, Khabarovsk, and Petropavlovsk-Kamchatka. 
By 1975 stations which were either completed or under construc- 
tion included those at Guryev, Abakan, Kyzyl, Dzhezkazgan, Bili- 
bino. Nikolayevsk-na-Amure, Aldan, Pevek, Sangar, Tazovskiy, 
Anadyr, Nar'yan-Mar, Skovorodino, Kadym, Ust'Ilimsk, Dushanbe, 
KhoroK. Yuzhno-Kuril'sk, and the television center located in Tadz- 
hikistan in the Pamir mountains. Plans for new stations included 
Aieksandrovsk and Poronaysk, The general target was to add six to 
eight stations a year so that by 1980, virtually all of the Spviet 
Union would have televi.sion service. 



2'f'rav<ia. .Vostow. (Vt 2\1. VMu. p Kadi" .Most'ow. No U), Oct pp. Id 17; Elektros- 

vvii/. .No 11. I'iti" , u , . f 

' "\hid\o M<wci)w. .Ni> U). Oct I'lHT. pp I.VIK This source disfus.sfs more tethnical aspecu ot 
thecirc-uius than are presented here See also Klektrosvyaz'. No 11, I'.ltiV. pp. 

" Avuilni>a I Kosmonavtika, No .'j. l!)7l). pp \2-V.k Vestnik Suyzai. No 4. April ISMI. p. ^. 
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The Soviet plan called Tor (iO operating stations by the end of 
1975. 2^ At the end of IDHl this total had risen to approximately 90 
and by the beginning of 1988 the number was stated variously to 
be 100 or so, just 100, or nearly 100. 2« ^ 

Table 26 is a listing of ground stations served by Soviet commu- 
nications satellites derived from a recent publication of the Inter- 
national Frequency Registration Board of the International Tele- 
communications Union. It will be noted that not all of the stations 
mentioned above are included in the listing. Neither is the Orbita 
station which has been reported at Ulan Bator in the Mongolian 
People's Republic. 



TABLE 26.-LOCAT10NS OF PRINCIPAL GROUND STATIONS 



location 



USSR 



long \ 



' As$qciated saleHites 





4031 


64 32 


Molniya 2. ^ 


Diidinka 


8610 


69.20 


Do. 




74 37 


42.54 


StatSionar > 




40 50 


55.45 


Do » 




12946 


62 02 


Statsionar T 


irkuKk 


104 C2 


52 26 


Statsionar 1 ^ 


Kemerovo 


86.04 


55.21 


Do. 




136 fiS 


50 34 


Moiniya 1 Nos. 1/2 




15150 


59 40 


Molniya 2 




3/18 


55 45 


Intelsat 4 At! 1. Molmya 1 Nos 1/2, Molniya 2. Statsionar 
i 


Murmansk 






Molniya 2 


Novosibirsk 




55 00 


Moiniya 2. Statsionar 1. 


Petfcoavio Kam 


15840 


53 00 


Molniya 2. ^ 


Salekhard 


6645 


6614 


Do 


Siirp.ut 


73 30 


61 1/ 


Do. 


Syktyvkar 


50 31 


6141 


Do 


rchita 


113 30 


52 02 


Statsionar 1. » 


Ulan Urip 


10/38 


5105 


Do • 


/a»af>k 


10? 38 


5612 


MN:tya 2 ' 


8uip,diia Sotia 


23 27 


42 30 


'■jiniya 3 


Cuba Canbe 


8205 


23 02 


Do. 


C/echosiovakia Praha 


14 32 


49 36 


Moiniya 2. 


Germin Democratic Republic Fup iienwaide 


14 0!; 


5219 


Do 


Huntjarv ^alMPdoroijd 


1/36 


46 59 


Molniya 3 > 


Poland Rieice 




50 55 


Moiniya 2 



/ 



: ir' fnv^frr Vi-m! '-^ I <:if Spocr Radocnmmunicaticn Slaiions 3fil Hi&.Q Aslroromy Stations ' URB. lIU. Geneva Apr I. 1980 
Hv^tT.^" ! .\ i-Mr. n .^^ i i?»oond stii:on wrvttj trf Mclntva ? bijt does not appe^f in sec 1 »n jIs own fight 

THK MOLNIYA ORBIT 

Thi' Molniya toniniunications satellites '^♦•e placed in highly ellip- 
tical orbits with an eccentricity of approximately 0.74. The orbital 
period of around 7 17. To minutes is chosen so that* despite the very 
small precession of the orbital plane about the Earth's axis (ap- 
|)roximately O.I JS decrees/day) and the motion of the Earth 
around the Sun, the ground-track repeats itself* albeit some 4.5 

* M.»s^-.»\\ f^uliM. Mmv T. luTTi. lilDO c;MT. An Audirrui* of .\ljllions. l/vfstiya. Moscow. May 7. 
!MT J. p ». * 
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minutes earlier eiich duy. Such an orbit, with repetitive ground- 
tracks, may be said to be stabilized. . . , . , , 

This combination of eccentricity and orbital period produces 
apogee and perigee heights (maximum and minir i m heights above 
the Earth's surface) of 39,743 km and 609 km respectively. The 
apogee is placed to give maximum communications coverage in the 
Northern Hemisphere across the vast expanse of the Soviet Union 
witlv .perigee near 60% northbound (argument of perigee close to 

' 280'). The orbit also precesses in its own plane at a rate of 
4,98a"'M-e^-'(5co82 i-1) degrees/day, where a is the semi-major 

. axis of the ellipse measured in Earth-radii, e is the eccentricity and 
i is the inclination of the orbit. When i = 63.4', the final term in the 

■ expression becomes zero. All Molniya inclinations have had inclina- 
tions lying between 62,8" ant* 65.4° which have kept precession- 
rates t^ between 0.007 and -0.022 degreeu/day. This has the effect 
of keeping perigee deep in the Southern Hemisphere throughout 
the active life of the satellite. . u v j 

Dr. R.R. Allan, of the R.A.E., showed that these stabilized 
ground-tracks could only occur in certain positions due to perturba- 
tions caused by the departure of the Earth's surface from a true 
sphere Fortunately for the Russians, one of these positions takes 
the ground-track right across the centre of the Soviet Union. 
Figure 36 shows the stabilized ground-track of a Molniya satellite, 
with ticks placed at hourly intervals from apogee. 

The major reason for the choice of the highly elliptical orbit is 
the long dwell-time over the Northern Hemisphere parts of the 
ground-track due to the extremely low velocity near apogee 
(approx. 1.5 km/s). The combination of low velocity and an apogee 
height exceeding six Earth-radii gives periods of up to 8 hours 
mutual visibility between Vladivostok in the east and Moscow in 
the west while on the Asian loop. Moreover, during this time, the 
satellite is visible from most parts of the U.S.S.R. 

A considerable part of the North American loop, near apogee, is 
also visible from the U.S.S.R. across the North Pole and this is by 
no means a "wasted opportunity." In the first annex to this chap- 
ter it is reported that this loop is the one employed for internal 1 V 
distribution from Moscow. 

Fi^jure 'M is an orthographic projection of the stabilized ground- 
track of a Molniya satellite relative to a stationary Earth with 
times measured from the ascending node (northbound equator 
crossing) after Hooper et al.^'' Figures 38 and 39 are polar stereo- 
graphic projections of the Northern Hemisphere showing the 
^round-trnck of the North American loop. Locations lying outside 
the shaded areas have the satellite in view at an elevation in 
excess of 10°. Figure :i8 shows the satellite at 60° N, northbound, 
111 minutes after the Equator and some 3 hours before apogee. By 
this time it is in view of the Orbita ground-station at Moscow, and 
althou^jh nt less than 10° elevation as seen from the Vladivostok 
Kround station, it is above the horizon. Figure 39 shows the satel- 



Alljin. RFl 'Ihc Opemtion of .Molniya Communications Satf llite«." Tfchnical lU-port 

H.x,i.f.' Wr'""&'n!''!lnd Whitman. The USA -USSR Direct (ommuma.tions l.ink 
Tfrmin«l7' AIAA .'>th Communications .Satt-llitf Systems Conference, Us Angeles. tA. l.Ui. 
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lite at 50* N, southlwund, Homo hours later. Although the satel- 
lite is no longer above the Vladivostok horizon, Moscow still has it 
above 10° elevation. 




FiouRE 36.— Stabilized Ground rracK of Molniya 1-45 
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C«itrilAiimA()09M Nertfi Aimriom ApogM 




FiouRi 37 — Orthographic Projection of tl e Stabilized Ground Track of a Molniya 
Satellite Relative to a Stationary Earth 




Fici-RK W — Sf ibili?^ Ground Track of a Figurk 3!). Stablli«xl Ground Trat ;. of a 
Molniya 1-4'), Jpleg. Polar Projection MoJmya 1-45. Downleg. Polar Projection 
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MKTHODS OK KHTAHl-ISMINC; THK STABILIZED GKOUNl) THACK 

Initially, all Molniya satellites werp launched from Tyuratam 
into orbits inclined at 65° to the Equator. Allan has shown that 
the fourth Molniya 1 was the first to use a stabilized ground-track. 
The fifth Molniya 1 was not stabilized and the sixth and seventh 
only partly stabilized. Thereafter, the correction engine has beer 
used to achieve some degree of stabilization of all Molniya ground- 
tracks. 

The initial method of achieving a stabilized ground-track was to 
place the satellite into an intermediate orbit with period of the 
order of 700 to 710 minutes. This resulted in an eastward drift of 
ground-track of uetween 3° and 8° per day. When the ground-track 
had drifted to the desired position, a firing of the correction engine 
at perij^ee rai.sed apogee to produce the stabilized orbit. The times 
elapsing between launch and stabilization ranged from 8 to 20 
days. 

The launch of the 13th Molniya 1 signalled a move to the Ple- 
sH.sk launch site and orbital inclinations of 65.4°. A similar stabili- 
zation technique was employed. The change of site was a transfer 
of routine launches from Tyuratam rather than to reduce the tinie- 
delay between launch and stabilization of the ground-track. The 
\')th Molniya I was not ground-track-stabilized until the 60th revo- 
lution, 30 days after launch. , , ,< 

All Molniya 2 and Molniya 3 satellites have been launched from 
Pk'sets" and only eight Molniya I's have been launched from 
Tyuratam since the shift to Plesetsk with the Ibth Molniya 1 early 
in 15)70. The first four of these flew at the old inclination of 6o but 
the remainder have had inclinations of 62.9°. Most of these eight 
launches have been made in mid-winter but the last two were 
launched in •d-summer during 1976 and 1977. 

The sevent Molniya 2 satellite and all subsequent Plesetsk- 
launched Molniyas have flown at the 62.9° inclination. The change 
in inclination resulted in a new stabilization pattern. The satellite 
is placed into an intermediate orbit with a period of between 730 
and 740 minutes producing a westerly drift of ground-track of 
around 10 degrees/day. This has permitted stabilization by lower- 
ing apogee within 4 or days of the launch. 

HKCcmi) OK MOLNIYA l^UNCHKS 

Tahlf> '.^7 lists the Molniya launches, together with a few Kosmos 
launches with the same characteristics, which represented either 
test ni^iits, Molniya failures, or military coimiiunioations satellites 
(iiitsidc tfic .Molniya program but using e.ssentially the same hard- 
ware 
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TABLE 27.-MOLNIYA AND RELATED KOSMOS COMMUNICATIONS SATELLITES 



ERIC 



?3 
I 



1964 
Aus 22 

1965 
Ap/ 
Oct 

1966 
Apr 25 
Oct 20 

196/ 
May 24 
Oc! 3 . 
Ocl 22 

1968 
A(K 21 
July 6 
Ocl 5 

1969 
Apr It 
July 22 

1970 
Feo 19 
lune ?f. 
Sfpt 29 
Nov 2/ 
0«c 25 

19/1 
July 28 
Nov 24 
Dec 19 

19/? 

^u 4 

May 19 
30 
Oct U 
Dec 2 
Dec 1? 
19/3 
Fet) 3 
Apr 5 



Molrvyj 

2 



TT PI 



ApofW 



Decay m 



Li(e in days 



Remarks 



9 
10 

11 
'2 

13 
14 
15 
16 
1/ 



19 
20 



21 
22 



23 



5 .. 



X 




39,855 


394 


64 


715 


X 




39.380 


497 


65 


708 


X 




40,000 






7 IQ 


X 




39.500 


499 


64 5 


710 


X 




39.400 


4ob 


CA Q 
0^ J 




X 




39.810 


460 




/Id 


X . 




39.600 


iCC 

465 


ob 


712 


X 




39./40 


456 


64.7 


714 


X 




39. /OO 


460 


65 


71J 


X . 




39.7/0 


470 


65 


715 


X 




39.600 


490 


65 


712 


X 




39.700 


470 




713 


X ... 




39.540 


cm 

520 




711 




X 


39.175 


4o7 


65 3 


/U3 




X 


on oort 

39.280 


4/U 


65 


/Uj 




X 


39.300 


480 


65 5 


706 




X 


39.430 


435 


65 3 


707 


X 




Oil CrtA 


ion 
4o0 


b3.U 






X 


39.300 


470 


65 4 


705 




X 


39.350 


460 


65.4 


706 




X 


39.200 


490 


65.4 


703 




X 


39.260 


480 


656 


695 




X 


39.300 


460 


65 5 


705 




X 


39.200 


480 


65 3 


703 




X 


39.300 


480 


65 3 


705 


X 




39.100 


500 


65 


703 




X 


39.300 


470 


65 3 


705 


X 




39.200 


470 


65 


703 




** X 


39.100 


500 


65 


702 



May 8. 1979 . 
Mar. 17. 1967... 

June 11. 1973 
Sep! U. 1968. 

Nov 26. 1971 
Mar 4. 1969 . . 
Dec. 31. 1969 ... 

Jan. 29. 1974 . 
May 15. 1971... 
July 16. 1976 .. 

Apr. 17. 1974. 
June 18. 1971 

Sept 29. 1975 
Feb 16. 1976 
Mar 20. 1976 
Nov 25. 1975.. 
Dec. 22. 1975 . 

July 19. i977 .. 
May 1976 
Apr. 13. 1977 

Jan 30. 1974 . 
Mar 22. 19/7 
Jan 12. 1978 
Nov 1. 19/7.. 
Feb 11. 1976. 
Jan. 22. i975 

Ocl 23. 19/7 
Jan 6.1979 



Kosmos 4 1 Molniya. 

5.128 
518 

2.604 Also carried TV camera. 
692 Oo. 

1.647 
519 
801 

2.109 
1.044 
2.841 

1.832 
696 

2.048 
2.061 
1.999 
1.824 
1.823 

2.183 
1.63'- 
1.942 

666 
1./68 
1.930 
1.844 
1.166 

//I 

1./23 
2.102 



CD 



lii; 
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iuly 11 
Aug 30 
Oct 19 
Nov U 
Hov 30 
Dec. 25 

1974 
Ap( 20 
^ 26 
Jufy 23 
Ocf ?4 
Nov 21 
Dec 21 

19/5 
fet) 6 
U 

AiH 29 
Jun« 5 

* lu}y 8 
Sept 2 
Sept 9 
Nov 14 
Dec 1/ 
Dec ?/ 

19/6 
Jan 22 
Mar n 
Mar 19 
May 1? 
Iu)y I 
Juiy 2b 
Sept 1 
Dec ? 
Dec 28 

19// 
feb 11 
Mar 24 
Apf 28 
lunp 24 
Auj? JO 
Oct 28 

19/8 
l.in 24 
Mar 2 
June 2 
July 14 




27 
28 



29 
30 

31 



32 
33 
34 



3S 



36 

3/ 
38 



39 
40 
41 



9 

10 



11 
12 

'l3 
14 
15 



X 

16 



1/ 



39.280 
37.970 
40.600 
39.140 
40.900 
40.865 

40.713 
40.850 
40.900 
40 61/ 
40.690 
40.675 

40.685 
40.660 
40.848 
40.890 
40.864 
40.681 
40.836 
40.930 
40.836 
40.800 

38.934 
40.683 
38,984 
-.660 
860 
39.059 
98 
^.608 
40.630 

40.757 
40.816 
40.817 
39.016 
40.000 
40.764 

40.631 
40.733 
40.837 
40.660 



480 
630 
480 
460 
466 

646 
463 
460 
683 
650 
641 

640 
d36 
468 
450 
465 
639 
470 
4/0 
45) 
470 

491 

518 
494 
652 
505 
499 
243 
657 
640 

493 
484 
467 
480 
480 
4/8 

661 
632 
457 
650 



65.3 
65.3 
62.8 
65 
62 7 
62 8 

62.9 
62.9 
628 
62.8 
62.8 
62 9 

62.8 

63 

63 

63 

62.8 

62 8 

62 8 

624 

62.8 

62 8 

62.5 

625 

63 

62.8 

62 8 

62.9 

62 8 

628 

62.8 

62 5 
62 8 
628 
52 9 
62 8 
62 « 

62 8 
62.8 
62 5 
628 



705 July 7. 1978.. 
679 Apr. 10. 1979 ., 
736 

702 Aug. 16. 1979. 

737 

737 

738 
737 
737 
736 
732 
737 

737 
736 
737 
737 
737 
737 
736 
736 
736 
736 

698 
r34 
699 
736 

98 1 

701 

917 Dec. 31. 1976 - 
736 
736 

735 
736 
726 

m 

736 
735 

736 
738 
736 
737 



1.822 
2.049 

2.101 



Probable Molniya 2 failure. Kosmos 837. 

121 Probable Molniya 2 failure. Kb^mos 853. 
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TABLE 27.---MOLNIYA AND RELATED KOSMOS COMMUNICATIONS SATELLITES-Continued 



UuKh date 



mm 



UUACi} Sill 

n PI 



Awe 



Oeciy date 



Life tn days 



RefflarK) 



Aug 22 
Oct 13 

19/9 
Jan 18 
Apr 12 
june 5 
July 31 
Oct 20 

1980 
Jan 11 
AjK 18 
iune 21 
July 18 
Nov 16 



42 



10 



11 X 

43 X 

12 . . X 

44 X 

45 . . X 

46 X 

X X 

47 X 

13 X 

48 X 



40,788 
40.825 

40.806 
40,590 
40.769 
40,860 
40,640 

40,830 
485 

40.707 
40,8^5 
40,651 



480 


62.8 


736 


4fi7 


vL.Q 


736 






f JQ 


6Sd 


62.9 


735 


473 


62.5 


735 


470 


62.8 


737 


640 


62.5 


736 


478 


82.8 


737 


317 


625 


92.3 ... 


658 


62.5 


738 


467 


62.8 


736 


640 


62.8 


736 



Prol)al)le Molniya 3 failure, Kosinos 1175. 



Notes 



1 The (AM H)ts by dilf each fli|tit m ihe Molniya I. ?. or 3 wits Wbert a precunor or a fltfht latfure was invoM wtticft ractivid a Kosmos nwtioit, M information 13 earned at the nght-hand edge o< the table, while an X ts piaced in 
the appkai)^ Mofniya cohjffln 

2 Launch Jrtes are mdicatid « either Tywaiam (TT) or flejetsJi (PV) . ....... ^ ^ . ^ • l ^ . . 

3 The ofWif e*e«rti ar e as ^wounced hy Tass it sftouid v rtcoc^iized that the Do* ol th* fli|fM^ *tfi wcc«»fuity ■nanewrwl m the days orweehs alter Uunch to stabilize the payload jn the aporopriatc ground track requjfed to support 
the (otai Ortita ^tem Apogee and pemt are a iuioffliters, Mtie m degrees; and penod m tiMutti 

4 the m 0* ortitai u«ay «1 days oJ Me are shown as dir^ from aop tH of pt. I. nwtty ormnaiiy draw,, from the records o# the Royal AKCra" Eslabt^hmeflt ^ ..^ r ^ ^ . ^ 

5 The lilt tiD'atn^ Ihe merits o* an mtial -rtital paricd under 720 mwuta or over 720. with the kinds ol maneuvers reooifed m ^ esse esUMjsii lf»e jemisynchronous orM with a reUth/efy fued Jround Uadi 

6 A few reiaied itosmos flights with oct)its SHwlar to IWoiya cou« represent Moiniya fadofis w some instances, because of^approwmate fits p the Oft*« pUnes withm wnich these flights were larwcM On «l balance has been ooncWrt 
ihew que^t«natte lights are a better fit wth the Soviet mAtary ^ warmng system These flights most m question arr Itosmos 174-Aug. 31. :^7. n. 29.750 lim apogee. 500 km perigee: 64.5 inchnatwi: 715 perwd; decayed Dec. 30. 1968. 
Kosmos M-Otc 16 1963. H. 39.600 km apofK: 500 km pengec: 65 tncimatioA. 712 penodi decayed July 9. 1973. 

Souices Aco it) of pt 1. Tass. and the Royal Atfciaft (staUtshment. 
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DKVKLOl'MKNT OK THE MOLNIYA SYSTKm 

The ♦^arly history of the Molniya satellites has been described by 
Allan '^^ who pointed out that the 8th, 9th and 10th Molniya 1 s 
constituted a three-satellite system with orbital planes spaced at 
r.pproxiniately llJO' intervals providing a complete 24vhour cover- 
af{e of the U.S.S.R. Each satellite repeated the ground-track of its 
predecessor some H hours later in time. He also speculated that the 
11th and 12th Molniya I's might be the pioneers of a four-satellite 
system with orbital planes space 90" apart and satellites following 
each other at (J-hour intervals. 

In li)74, Philip Perkins and Geoffrey Perry, of Kettering Gram- 
mar School, developed a simple graphical method for monitoring 
the operational status of Molniya satellites in the Orbita system. 
Using data supplied by the Goddard Space Flight Center, they plot- 
ted the values of right ascension of the ascending nodes against 
date and obtained a series of four straight lines spaced at 9^ inter- 
vals, confirming Allan's hypothesis. Later, Perry developed this 
techni(Uie to produce a simple calculator, consisting of three card- 
lx)ard di.scs, to reveal the operational status at a glance.^' This was 
first demonstrated in public at the meeting of the National Space 
C:iub in Washington, DC, on July 28, 1976. By these techniques 
they were able to trace the history of replacement of Molniya satel- 
lite's as they reached the ends of their active lives. Labelling the 
four groups of satellites from A through D. the replacement history 
of the Molniya Ts is seen to be as shown in table 28. 

It will be seen that the comfortable state of affairs which existed 
at the end of 1975 following the launch of the 31st Molniva 1 was 
rudely disturbed early in 1976 by the launch of the 32d Molniya 1 
into an orbital plane midway between groups D and A. Three more 
launches in March and July of that year completed a set of four 
satellites with planes spaced midway between each of the four 
original groups. It was suggested that Molniya lY' had been trans- 
ferred to a wholly militar'y role with a subsequent relocation of po- 
sitions/^^ No sooner had this been published than four more Mol- 
niya Is weve placed into the original groups. Currently it would 
appear that eight Molniya Ts are operational in planes spaced at 
•ir>' intervals. BirkilTs observations from Sheffield, England, indi- 
cate thiit the Molniya I s in the main groups still carry domestic 
trafric on l)()th loops but that the four active inter-group spacecraft 
o[)erato only on the Asian loop in what may be presumed to be a 
military mode. 

The first Molniya 2 was positioned approximately midway be- 
tworn K'r(>u[)s A and D of the Molniya Is and, when the second 
Molniya '2 was positioned midway between groups A and B, the 
{)ossihility an)se that the Molniya 2's were a supplementary system 
to fill y^iipH in the existing system. However the third Molniya 2, 
hetwt»en groups li and (\ was spaced 120 away from the second, i.e., 
n^nrer to ^rou[) Although these fir^t three Molniya 2*s did not 
joir) tht' Molniya 1 groups, th(^ fourth Molniya 2 wab placed in 

' {'frk-fj^ J'-l jri'Mi K Wrr\ F .ij/ht IntiTmattonaL I^)nH()n. .Jan {»>, I'JT:., p IW 
" V*^rr\ U K H A F' Kl\ . l.oDfiD.i. )7. sunmuT |!»T7, p 

,9^ I'^J 
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group U und, therealUT, all Molniya 2 launches added their pay- 
loads to the Molniya 1 groups. The last Molniya 2 launch was the 
17th of the series, in February 1977. It must now be concluded that 
the Molniya 2's have been phased out. Table 29 shows the replace- 
ment sequence of the Molniya 2 satellites. 

When the Molniya 3 satellites were introduced they joined 
j;roups C, D, A, and B in turn over a IS-month period between No- 
vember 1974 and the end of 1975. At that time the system com- 
prised four groups, each of three satellites, following each other at 
approximately 6-hour intervals, with a maximum time difference of 
40 minutes between any member of each group. Table 30 shows 
the replacement sequence of the Molniya 3 satellites. 

Table 31, due to Andrew Ward, shows the operational status of 
Molniya satellites as of December 31, 1980. During January 1981, 
the 10th Molniya 3 and the 4l8t Molniya 1 were replaced by the 
next satellites in each series. Andrew Sims has Sxiown that the 
Molniya 1 replacement was not ground-track stabilized until the 
third opportunity, 42 days after it was launched. 



' S<)M«'t Sp;u't» ProviraMi"-. iMTl TTi. table ■'» 'i. p '^'i'^ 
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TABLE 28.-REPIACEMENT SEQUENCE OF MOLNIYA 1 SATELLITES 

A B C D (A) 

11 

12 

13 



12 
15 



17 



U 

!!! 16 

18 



20 
21 



22 

23 



24 

25 



26 

27 

2S 

29 

30 

31 

32 .... 

33 

34 

35 

36 

37 

36 

39 

40 

41 

42 

43 .... 



44 

45 

46 

47 

48 .... 



TABLE 29.-REPIACEMENT SEQUENCE Of MOLNIYA 2 SATELLIIES 



D (A) 
1 .... 













7 




















10 .... 




11 


















u 
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TABL£50.~REPUailENT SEQUENCE OF MOLNIYA 3 SATELLITES 

A B CD 



4 

5 

6 

7 

6 

9 

10 

11 

12 

13 



REPLACEMENT PHILOSOPHY 

Flying different types of Molniya in groups and the introduction 
of the four midgroup Molniya Ts are both forms of built-in system- 
redundancy similar to the West's in-orbit spares. Nevertheless, it is 
not unreasonable to suppose that replacement satellites are 
launched as soon as operational satellites fail or begin to fail. It is 
to be expected that this would also tend to occur when the particu- 
lar group was carrying **peak-hour" traffic. Analysis reveals 39.3 
percent of the first 35 Molniya Ts to be placed in the current 
groupings; the last 14 Molniya 2's and the first 12 Molniya 3's have 
been launched when their group's apogee-time occurred within ±3 
hours of 1030 Moscow time. The remainder have been reasonably 
equally shared between the other 6-hour periods of the day; 21.3 
percent in each of the periods from 1930 to 0130 and from 0130 to 
0730, with the rest in the period between 1330 and 1930 M.T. 

This being the case, one might expect a linear relationship be- 
tween launch-date and group^esignation with a gradient cf the 
order of 320 days. The 717.75 minute orbital period implies that 
satellites are 4.5 minutes earlier each day and that in 320 days the 
whole cycle will have been completed. This hypothesis was tested 
for the aforementioned 61 satellites but no direct linear relation- 
ship could be discovered. However, by considering groups 'A and C 
together and groups B and D together and similarly pairing the 
midgroup satellites. Perry and Philip Hill found such a relation- 
ship with a gradient of 152 days, approximately one-half of that ex- 
pected if groups are to be considered singly but within 5 percent of 
the half-cycle duration of approximately 160 days. This was taken 
as support for the hypothesis of across-the-pole usage on the North 
American pass, now confirmed by Birkill's observations. 
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An utteriipl fo predict Molniya launches in the latter half of 1980 
using this relationship rnet with moderate success, the 13th Mol- 
niya 3 and 48th Molniya 1 being launched 40 and 22 days **early" 
respectively. However, it must be realized that some of the predict- 
ed optimum dates might possibly coincide with brohibitive dates 
due to conditions that would lead to very short lifetimes. Special- 
ists at the Royal Aircraft Establishn:ent, Farnborough, England, 
have shown that the lifetime of a satellite m a highly eccentric 
orbit which is strongly affected by luni-solar gravitational pertur- 
bations, is determined by the initial values of the orbital param- 
eters and hence on the timing of the launch. 

Tyuratam launches are made with initial ascending nodes some 
3 hours after the group's ascending node with Plesetsk launches 
some T) hours later still, due to t' o more westerly location of the 
launch site. 

Reference to table 25 will enable the reader to form his own 
jtidgment of the active lifespans of these satellites. An explanation 
of t\w replacement of the 13th Molniya 2 by the 14th after only 2 
months is that the orbit was never properly ground-t rack-stabi- 
lized. Presumably launched to ensure optimum communications 
during the Apollo-Soyuz mission in the following week, the orbit 
was lowered to a period of 718.6 minutes. One might speculate that 
the correction engine failed to make a sufficiently long buri^ What- 
ever the reason, no further correction was made and although it 
remained in the same orbital plane as the other members of group 
A. it fell further and further behind in time and consequently drift- 
ed olT station in a westerly direction. 

TABU 31 = OPERATIONAL STATUS OF MOLNIYA SATELLITES AS OF DEC. 31 1980 





Iff Oe^g 


tnnn> 






Rev 


Asc 


Note ijme 
I 




t M 


80 63A 


/1/45 


442 


39.908 


334 


1 


54 91 


109.51 


Group A 
I 4S 
1 43 
1 1? 


/9 91A 
80- 9? A 
;9 -ISA 


;i//o 
/i; ;6 
;i/56 


633 
588 
436 


39.72JI 
39./76 
39.919 


8/9 
91 
1.143 


2 
5 
8 


10 56 
19.48 
7.92 


115.22 
116.70 
114.30 


(inup D 
! -l- 
I V 
I 4?. 


80 ^jA 
/8 80A 
M) 0?A 


/l/h8 
/I/84 
/1/90 


6?5 
1 343 
8/0 


39 /36 
39.026 
39.50? 


38/ 
1./29 
/13 


8 
11 
14 


32 95 
43 43 
14/ 


118 40 
116 72 
115.77 


Group C 
3 11 
1 l\ 

\ \') 


;9-04A 
/9 /OA 


/1/89 
/1/63 
/1//0 


1407 
1.145 
9M 


38.964 
39.213 
39.448 


1.43! 
1.042 
1.565 


14 
17 
19 


18 48 
2 42 
^46 64 


11243 
115 33 
11161 


t if out) H 
' i ^) 

M 


n ;4A 
/8/2A 


/I/ /9 
7i; /8 


1.185 
801 


39.180 
39.564 


2.0// 
1.809 


20 
23 


35/7 
19 90 


11/21 
11881 
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MOI.NIYA l AII.UKKH WirHIN THK KOSMOS PROGRAM 

As has already been mentioned elsewhere in this report, certain 
satellites in the Kosmos series have flown in orbits similar to those 
of the Molniya satellites. With the exception of Kosmos 41, which 
was, most probably, an engineering test as part of the R&D leadmg 
to the establishment of the Orbita system, it was at one time 
tempting to regard such satellites as Molniya failures. While it 
would appear that, from orbital plane spacing considerations, the 
()th Molniya 1 replaced Kosmos 174 within 133 days of its launch 
and that Kosmos 200 could have been a replacement for the 8th 
Molniya 1, such an assumption is not valid in the cases of all 
Kosmos satellites with Molniya-type orbits. Perry pointed out that 
the orbital plane of Kosmos 706 does not coincide with any of the 
four groups.'*'' In 1977, Perry pointed out that this satellite, and 
others which did not fit into the groups, had arguments of perigee 
close to 315° rather than close to the 280° of the successful Mol- 
niyas and Kosmos 837 and 8o3.«» These two satellites, launched on 
July 1 1 and September 1, 1976, were really intended to replace one 
of the satellites in group D.'"' In the first instance the final stage of 
the launch vehicle did not fire long enough to achieve the desired 
highly elliptical orbit and on the second occasion did not fire at all 
to move from the intermediate parking orbit. The speculation that 
it was the 11th Molniya 2 that was to be replaced, since it had al- 
ready been in orbit for 18 months, was strengthened when the next 
successful launch into group I) was indeed a Molniya 2. 

One can form the opinion that it takes 2 months to ready a re- 
placement payload if there should be a launch failure. When a fur- 
ther attempt was not made around November 1, 1976, it seemed 
reasonable to assume that group D was not then placed in a peak- 
hour" traffic position and that the next attempt would be delayed 
until the other loop of the ground-track reached this position. The 
17th Molniya 2 was placed into group D on February 11, 1977, 
some 7 month's after the launch ot Kosmos 837. 

Two more failures occurred in 11>80. Kosmos 1164 and 117o, 
launched on February 12 and April 18, were in quite different or- 
bital planes. Kosmos 1164 most probably falls into the early warn- 
ing category. Four objects from the Kosmos 117;") launch were cata- 
loged in low parking orbits. , . u 

As with Kosmos lUil. the TASS announcement ol the launch 
omitted the usual closing statement to the effect that the onboard 
instrumentation of the satellite was functioning normally. Al- 
though in the same orbital plane as the g'-oup A satellites it was / 
.not i-lcar until the I3th Molniya 3 launch that it was intended to 
rrplaiv tlic '.tth Molniya 3 rather than the 4r)th Molniya 1. 

Thk Synchronous Communications Satei.litks 

A .-satellite at a mean height of 'A'),1><1 km above the Earth's sur- 
laie rotates in its orbit at the same rate at which the Earth rotates 

' Kiiii; ll.-l... r..i hf,i..il Ki'txirt T.'.n.'iJ. R A K. .Vtii> \'>':'< 

Hiii'r li!l.-rii l.nt\itiin. iiJ. Oil IJ. ll't'T, p ilJ'- 

■ ■ (Vm. K . Flight li.t.TM.ili.>n;il. I.<>nd"ti. li'7. Apr J l.j'.' . p 'i^'- 
•"• I'.-io <; K K \ K W\ l.-m.|..ti. K. lUlunin l!i77. p 'JT: 



ERIC 



925 

in its orbit about i\w Sun Such an orbit is said to be geosynchro- 
nous. When a geosynchronous orbit its established in the equatorial 
plane it becomes geostationary. A ground station antenna can 
remain fixed in elesation and azimuth since the satellite appears 
'to Ih? stationary in the skj'. Because the motion of the Earth 
around the Sun provides 0.98* of rotation daily the true geostation- 
ary orbital period is only l,4y() minutes instead of 24 hours. 

In 1945, Arthur C. Clarke showed that almost complete global 
coverage could be obtained with three such satellites spaced at 120'' 
intervals around the Equator.^ ^ It was long felt that poor coverage 
of the northernmost parts of the Soviet Union from a geostationary 
orbit was an important reason for the adoption of the elliptical 
semi-synchronous Molniya orbit in addition to the Soviets' inad- 
equate technology for placing satellites into geostationary orbits 
during the 19()(rs. 

The first indication that a geostationary system was being con- 
templated came in February 19G9 when the Soviets lodged informa- 
tion with the International Frequency Registration Board (I.F.R.B.) 
of tfte InttM'national Telecommunications Union (I.T.U.) in Geneva, 
relating to Moli ^ya 2 and Statsionar satellites. The Statsionar sat- 
ellite was to be ^ laced over the Equator between 75' and 85' E. In 
the following year, the date given for Statsionar to become oper- 
ational was December K 1!)70. 

KosMos aa7» molniya i-s, and KOSMOS 775 

The first Soviet geostaiionary launch did not take place until 
March li)74. Kusmos iVM was probably an engineering test to check 
out the technique for launching into and stabilization of a geosta- 
tionary orbit. I: 

Four months "later a spacecraft designated Molniya 1-S was 
placed into geostationary orbit. Its locaton was chosen to give cov- 
erage to Kurasia, Africa, and Australia. This could have been a 
normal Molniya 1 satellite used for testing communication and 
command links at K^ostationary distances. 

The third geostationary launch, in October 1975, was designated 
Kosmos TTo. This could also have been a precursor of the oper- 
atiorial ^Geostationary communications satellites or even a minor 
tailurtv One su^uefstion was that it had an early-warning mission.'** 

1)1- -^C KIPTION OF KADUOA 

Late in December ll^To. the .Soviets launched "a new communica- 
tions sat*'llit(»*' which they named Raduga (Rainbow). It carried 
r(|ui|)rn(»nl "to ensure uninterrupted round-the-clock telephone and 
tele^Ma[)h radio cornnumication in the centimetric waveband and 
simultaneous transmission oT color and black-and-white Central 
Tp|fvisi(H\ programs to the network of Orbita stations." In addition 
to \hv wnproxrd multichannel communication and television relay 
r<|ui[)iiu«nt. \hv satellilr carried "a three-axis sysh»m of fine orien- 
tation towards ihi' Kartli. a power supplv systf^m with Sun-seeking 

• CI.hK-. \< K\fri ♦.•rr..Mrt.»! f<»'i.>N- W,n-|.-s. W..rUi. s*.; \.) in Ortn^T 15M... p|.> M).>- 
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lUii^larur ami trackiru; of solar vvW batteries, an orbital correction 
system, a thermoregulation system* and a radio system for preci- 
sion measurement of o.bital parameters and satellite wontroi." 

No model of a Kaduga has been publicly displayed nor pictures 
published. The Royal Aircraft Establishment's Table of Artificial 
Karth Satellites does not list any probable mass, dimensions, or 
confiKuration. An estimate of mass between 2000 and 4000 kg for a 
cylindrical body/T) m in length and 2 m diameter has been men- 
tloned./rhe same report gives two solar panels and two antennas 
and specifies one TV channel and 10 telephony/data channels, 
earh (>f whiclj is capable of carrying 100 multiplexed telephone cir- 
cuits. 

The first Haduga was placed at the Statsionar 1 location, as were 
the second and fif'th satellites of the series. The third, fourth, and 
sixth satellites were placed at the Statsionar 2 location, commenc- 
in;; in 1!)77. The I'Oth Raduga was placed at the Statsionar H loca- 
tion at I'hv end of;19Sl. Some repositioning of these satellites was 
ou-ahi(MH'(l hy covt^'^ige for the Moscow Olympic Games in 1980. 



Th(» Tass anr)()uncement of the first Ekran (Screen) satellite was 
strikingly similar to those for the first Raduga. Only the mission 
difft^r^'d. being described as "for further development of telecasting 
systems " The relay equipment ensured telecasting of Central Te- 
levison's color and black-and-white programs to "the network of 
collective-using receiving devices situated in the inhabited localities 
of Siberia and the extreme North/***'^ 

A model of Kkran was displayed in the Soviet pavilion at the 
li>77 Init^rnational Air Salon at Le Bourget, Paris. Figure 40 is a 
drawirxg of this model. An outstanding feature v^as the large iJ^^-ele- 
ment c()|)hased helical antenna array, measuring r).7x2.1 m, de- 
ph)ye(i as l-by-t* matrices or. four panels and re^jembling a *'bed- 
s[)ring mattress. " This provides a gain of 28 dB on the axis of the 
radiation pattern. The familiar cylindrical body has been retained 
with the vernit^r correction engine but this wa^ surrounded by an 
aiitmlar panel farming part of the thermoregulation system. Four 
.M)lar crll [)a!irU wert^ mounted in pairs at the ends of booms ex- 
tiMidnm at riglit angles to the axis of the satellite, each consistinfJ 
i)f suh-assenibhes ari'anged in (i-by-ii matrices. 



DESCRIPTION OF EKRAN 
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Ekran satellitus have, with one exception, been given the Stat- 
sionar T designation. The seventh Ekran, in 1981, was designated 
Statsionar 1 in the Tass announcement but this might have been a 
typographical error.** Table 4 in the booklet Communication Satel- 
lites shows the registration as S-T.*' 

T>vo Ekran satellites are used at the Statsionar T location. Their 
successive operation ensures transmission of one color TV program 
and two radio broadcast programs for 12 to 16 hours within a 24- 
hour period.*^ 

DESCRIPTION OF GORIZONT 

The first Gorizont (Horizon) satellite to be launched at the end of 

1978 posed something of a problem for Western analysts. The an- 
nounced orbit, although nearly geosynchronous with a period of 
1,420 minutes, was not geostationary due to an inclination of the 
orbit to the equator of 11.3'. Nor was the orbit, ranging from be- 
tween 48,365 and 22,581 km, anywhere near circular. Its purpose 
was to "further improve and develop communications systems with 
the aid of artificial Earth satellites" and it was reported that it was 
"planned to use Gorizont satellites for relaying Soviet TV transmis- 
sions of the 22d Summer Olympics in 1980." *' 

I'here was some speculation that such an orbit was designed to 
give increased Northern Hemisphere eoverage.*^ However, subse- 
quent Gorizonts were placed in the conventional near-geostationary 
orbits and it must be assumed that this unique orbit was the result 
of some attitude or propulsion error. The R.A.E. table lists an 
object, 1978-118 D, and suggests that this was in the 47' intermecii- 
ate orbit, but no such fragment is listed in the NASA Satellite Sit- 
uation Report as having decayed or still remaining in orbit. 

Models of the Gorizont satellites were displayed at Le Bourget in 

1979 and 1981. Figure 41 is based on these models. The cylindrical 
body and annular thermoregulator are similar to those of Ekran. 
The arrangement of the solar cell arrays differs in configuration 
from that of Ekran and amounts to some 2.3 square meters with 
further cells located around the circumference of the upper part of 
the spacecraft. Three-axis body stabilization is employed and atti- 
tude is determined from readings of three infrared and one visible 
light horizon sensors. In addition to global coverage horn antennas 
there are spot-beam receiving and transmitting antennas. The 
large circular dish, slightly more than 1 meter in diameter, sup- 
plies the 4 GHz downlink, as does the larger of the three "orange- 
peel" sha;)ed antennas. The two smaller antennas operate in the 6 
GHz'band used for uplink. These "orange-peel" antennas produce a 
beam that is wider in one direction than in the orthoganal and are 
adjusted prior to launch to change the coverage area from one sat- 
ellite to another."*^ 



<«Tuss in Knuli-sh. .lune 2Ik 1 »IM1 C m l , 

AKad/.hf»n()V. H A . ft al . Idem 
«"Idfm 

♦'Tass in Kussian for Abroad. Dec. 20. li)7«. 1020 (J.m.t. 

♦"Soviet Aerospace, Nov ."i, 11>79, p. 70 ,,n m oc 

♦'Aviation Week & Space Technolotjy, vol. 110. No. 24, June U, 1979, p. 40; vol. 110, No. 26, 
June 2:>. 1979. p 4;i. 




929 



1 




Figure 41.— Gorizont Satellite 



Gorizont satellites are equipped with a single 40 W repeater and 
five 15 W repeaters. 

The second and fourth Gorizonts were deployed at the Statsionar 
4 location with the third going to the Statsioner 5 location. Table 4 
in the booklet Communications Satellites gives the S-5 registration 
to the first Gorizont. Statsionar registrations did not appear in the 
TASS announcements for the fifth and sixth Goriz^ Hs in 1982. 

LOUTCH, GALS, AND VCLNA 

Notifications to the IFRB give, from time to time, details of fre- 
quencies and locations planned for new satellites and systems. De- 
tails of Volna and Gals appeared in 1977. The Loutch and 
Loutch-P systems were mentioned in 1979.*' Common positions at 
Statsionar locations for members of each series caused speculation 
that payloads might be combined into single multipurpose satel- 
lites. Such a theory gained support in 1982 when Pravda report- 
ed that additional relayers were installed on Gorizont 5, having 
Loutch and Volna registrations.^'' 

Loutch and Loutch-P 

Loutch (Beam) can also be found with the spellings Lutch or 
Luch. The Loutch and Loutch-P systems will both comprise four 
satellites each operating in the Ku-band with 14 GHz uplink and 
11 GHz downlink for international and domestic communications 



•"Aviation Week & Space TechnoloKy. vol. 107, No. 20. Nov. 14, 1977, p. 20. 
» ' Soviet Aerospace. Nov. 5, 1979. pp. 09-70. 

Aviation Week & Space Technology, ibid. 
"Pravda. Moscow, May 3. 1982. p. 3. 
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designed to coni|>t'to with the Intelsat 5 system. Planned for 
launch in 1978, these satellites had still to appear at the end of 
1982. 

Loutch 1 to 4 were to be located at the Statsionar 4, 5, 6, and 7 
positions respectively although Statsionar 12 (40° E) has also been 
reported as the location for Loutch 4. The Loutch-P series were to 
be deployed at the Statsionar 8, 9, 1, and 4 locations respectively, 
specifically for Government telephone, telegraph, and television 
services.** 

Gals 

Gals (Tack) satellites were planned for launch in 1979 to estab- 
lish a four-satellite global network for military communications. 
Uplink between 7.9 and 8.4 GHz and downlink between 7.25 and 
7.75 GHz are in bands officially allocated for Government service 
but internationally accepted as military communications bands. 
Analysts calculated that Earth terminals would require dish anten- 
nas of diameter between 1.5 and 2 m.*^ 

l/ocations for Gals 1 to 4 were given as Statsionar 8, 9, 6, and 10 
respectively. Further locations at Statsionar 15 (130° E) and 3 have 
been seen for Gals 5 and 6. 

Volna 

Seven multipurpose Volna (Wave) satellites for mobile communi- 
cations for maritime, aeronautical, and land use were due to be in 
operation by the end of 1980. Statsionar locations for Volnas 1 
through 7 were given as Statsionar 8, 4, 9, 5, 3, 7, and 10 respec- 
tively. Variations of these locations have been seen with Volna 5 
at Statsionar 1 and a Volna 8 at Statsionar 6.*« j . , 

Even numbered Volnas would operate in bands allocated by the 
ITU exclusively for the maritime mobile service, 1.636 to 1.644 GHz 
uplink and 1.535 to 1.542 GHz downlink, and the aeronautical 
mobile service, 1.645 to 1.660 GHz uplink and 1.543 to 1.558 GHz 

downlink. . , . 

Odd numbered Volnas would operate in these same bands and 
also in the 335 to 399 MHz uplink and 240 to 328 MHz downlink 
bands used by the U.S. Navy for its maritime service.*^ Analysts 
deduced that shipboard antennas a little more than 1 m in diame- 
ter, similar to those operating in the West with the Marisat 
system, would be required and that land-mobil': antennas could be 
simple crossed rabbit-ears, or dipoles, less than 0.6 m across. 

Volna notifications were designated for official or Government 
communications exclusively rather than for public communica- 
tions. Volna has been said to be a national system and not for 
international use. 

"Aviation Wwk & Space Tpchnology, vol. 112. No 9. Mor. 3. 1980, p. 83. . . 

"St'iocU'd Communications Satt'llites, Comsat General Corp.. Waah.ngton. IX-., aepi. I, isoi 

'*s« Avtation Week & Space Technology, vol, 107, No. 20, Nov. 14, 1977. p. 20. 
" Idem. 

" Satellite Week. vol. 4, No. 17. Apr. 26. 1982. p. 4. 

»• Aviation Week & Space Technology, vol. 107, No. 20, Nov. 14, 1977, p. .20. 
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.STATSIONAR nKSIGNATIONS 

When the S(. notified the IFRB of the ITU, in 1970, of their 
intention to launcii a Statsionar 1 satellite into a geosynchronous 
orbit between 75' arid 85' E it was generally assumed by Western 
analysts that the satellite would be named Statsionar. Cosmos 637 
and Molniya T-S could both have been considered as candidates for 
this designation. However, before a satellite received such a des- 
ignation, notification for a Statsionar T was published on June 9, 
1975, followed by the notifications for Statsionars 2 and 3 on Sep- 
tember 9. Statsionar T was specifically for television broadcasting 
within the territory of the Soviet Union relaying transmissions 
from a station at Gus-Khrustalnyi, near Moscow, to a network of 
community-reception Earth terminals. Statsionars 2 and 3, de- 
signed for telephone, telegraph, and phototelegraph communica- 
tions and for sound broadcasting and television program transmis- 
sions would serve Europe and the western part of the Soviet Union, 
and the whole of the Soviet Union with the exception of the Kam- 
chatka peninsula respectively. 

Before the end of 1975, the IFRB was notified on behalf of the 
U.S.S.R. Ministry of Posts and Telecommunications, of seven more 
Statsionars. Locations of tmse firstwatsionars are given in table 



TABLF. 32.~ANN0UNCED LOCATIONS FOR SOVIET GEOSYNCHRONOUS PAYLOADS 



lOMiion 'Lofig'twJe Remarks 

'Longjtixte 'Indinaiion 



Statstondr 1 


80E 


Statsionar ? . 


35c 


Statsionar 3 


85E 


Statsionar 4 


14W 


Statsionar 5 


53E 


Statsionar 6 


90E 


Statsionar 7 


. .. MOE 


Statsionar 8 . . 


25W 


Statsionar 9 


45E 


Statsionar 10 


now 


Statsionar T 


99E 



1 0 3.0 Originally 75E-85E. 

5 3.0 

.5 3.0 

.5 12 Volna 2 location also. 

5 1.2 Volna 4 location atso: originally 58' E. 

5 1.2 Originally 85' E. 

.5 12 Volna 6 and Loutch 4 locations also. 

5 1.2 

.5 1.2 

.5 12 

10 1 0 TV witfiin tt)e USSR, via Gusktirustalny.; 714 MH2 
downlink. 



Not« 

1 iftfwmaticn (Jenvod from list of'^iwce Radioco^nmunwlion Stations and Rac* jasirooomy Siatwns." If RB. ITU. Geneva. I. 1980 

2 iich longitude siv^n «n column ? t$ center of a service arc. 4" o( longitude m extent 

3 Icutdi has II GH; downlink (uplink frequeiKy no! given) and Vo^na has 1 5 GHi uplmk and downimk 6 GHi upiij^h and 4 (Ml downlink in 
an oitie/ case^ eictpt where noied 

On December 22, 1975, the first satellite with a Statsionar 1 des- 
ignation was launched and given the name, Raduga. When the 
second Raduga satellite was given the same Statsionar designation 
and was closely followed by the first Ekran, which was designated 
Statsionar T» it became clear that Statsionar was the name given 
to the location of the sub-satellite point on the Equator and that 
satellites with more than one name could occupy Statsionar loca- 
tions. 



'^'^ Aviation Week & Spact- Technology, vol. I0;i. No. 12. Sept. 22, 1975. p. 17. 
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Mori» rocently StatHionar locations 11 throuugh 15 have been reg- 
istered at Sli"- W, 40" E, «()" E (formerly used for Statsionar 1), 95" 
E, and 130° E. 

Reportedly, from the U.S.S.R. notification on the Statsionar 
system, it was evident that there would be potential frequency in- 
terference problems with the Franco-German Symphonie satellite, 
then operating over the Atlantic, and the two satellites planned for 
the Indonesian domestic communications system.^* In January 
1976, a four-man delegation from the then 91-nation International 
Telecommunications Satellite Organization (INTELSAT) opened ne- 
gotiations with its Soviet counterpart in Geneva to solve possible 
frequency interference problems. in January 1980, it vvas report- 
ed that an Ekran satellite at Statsionar T was transmitting so 
strongly that interference was occurring with radio services in 
Peking and that an official complaint had been registered. 

THE EKRAN SYSTEM 

A key feature of this televison broadcasting system is the com- 
paratively high power of the Ekran satellites transmitter: about 
200 W as opposed to the 30-40 W of the other communications sat- 
ellites. This has permitted the design of the antenna and receiving 
equipment of the ground receiving station to be simplified consider- 
ably. Yagi-arrays have replaced the large dish antennas required 
for the Orbita system. The receiver does not demand constant serv- 
icing, nor does the associated local relay station which distributes 
the received television program to the surrounding area using the 
normal television channels which can be received by standard tele- 
vision sets such the "Rubin' or "Rekord". The ground equip- 
ment of the Ekran system needs so little attention that it can even 
be set up in is'vlRted villages in the taiga where a low-power relay 
of only 1 W is all that is necessary. The Ekran receiving network 
had nearly 2,000 stations with its own relay equipment by the end 
of 1981 which brought territories inhabited by 20 million people 
into the U.S.'^ R.'s main television network."* 

The 714 MHz downlink chosen for the Ekran system made possi- 
ble the use of the simple and inexpensive receivers and Yagi anten- 
nas. Two types of collective-use receiving stations have been devel- 
oped which operate reliably under conditions of Siberia and the ex- 
treme North. The fir^t class, or professional, type are equipped 
with .'^2 or 1(5 element antennas giving a signal-to-noise ratio of 55 
dB which is relayed to local TV centers and high power TV repeat- 
ers. These receiving stations in combination with the repeater have 
been given the identifier STV-100. The second class, or set, type 
feed low power TV repeaters or cable distribution networks, They 
have four element antennas with a signal-to-noise ratio of not less 
than 48 dB and have the identifier STV-l.«s 

The series production of ground stations, antennas and repeaters 
is carried out by enterprises of the Ministry of the Communications 



./ohnsen, K . Aviation Week & Space TfchnoloKy. vol. 10:i. No. 14. Dec. l."). 197.'), pp. 14-16. 

Aviation Wtfk & Space Technology, vol. 104. No. ."), Feb 2, liiTH, pp. 44-4,'i. 
* ' Television, vol No. :i, January 19S(). p. l,')l. 
•"Svoren. R Nauku i Zln/.n. l><.'ember 19S1. 

"» A^adzhanov. I'. A , et a! . National Paper-. U.S.S.R.. Sept. 2, 19K1, pp. 6.)-6b. Idem. 
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Equipment Industry. Kecoiving stations are installed and commis- 
sioned by organizations of the'U.S.S.R. Ministry of Communica- 
tions. These stations have been installed in the Kazakh SSR, the 
Buryat, Tuva and Yakut ASSRs, in Altayskiy, Krasnoyarskiy and 
Khabarovskiy krays, as well as in Amurskaya, Irkutskaya, Kemer- 
ovskaya, Magadanskaya, Novosibirskaya, Tomskaya, Tyumenskaya 
and Chitinskaya oblasts, including the Baikal-Amur Railroad route 
and ether developed regions of Siberia and the extreme north. 

The Ekran satellites have operational lifetimes of some 2 or 3 
years but future Ekrans are expected to have operational lives of 
up to 5 years."'' 

Transmission of television and radio broadcast programs to-the 
Ekran satellites is conducted from a special ground transmitting 
complex with a transmitter output of 10 kW through a 12 m diame- 
ter antenna with a gain of 54 dB at 6 GHz uplink. 

THE MOSKVA SYSTEM 

The Ekran concept of a powerful transmitter and simple receiver 
is not always acceptable due to over-crowding of the frequency 
bands and the close positioning of satellites in the geosynchronous 
orbit. Restrictions caused by possible interference to the ground 
communication facilities of neighbor ing countries using the same 
frequency bands make it impossible to extend the zone of operation 
of the Ekran system to other regions of the U.S.S.R. 

Progress in technology permitted the development of the Moskva 
system which, in conjunction with a network of microwave links 
and land lines, enables both First and Second Programs of Central 
Television to be relayed to a vast r.rea. Gorizont satellites operating 
with a 4 GHz downlink through a 40 W transponder and narrow- 
beam antennas transmit to stations equipped with 2.5 m dish an- 
tennas. One such antenna, receiving signals from a Gorizont satel- 
lite, was displayed in Vienna during Unispace 1982.^^ The receiver 
rack has a weight of 120 kg and inputs 13.5 W to the associated 
cable network. An uncooled parametric amplifier with noise tem- 
perature less than lOOK, mounted on the antenna, and receiver is 
used to demodulate and amplify the television and radio broadcast 
signals. The complete unit is small and does not require a special 
building for its accominodation. The number of components is so 
small that they can all be located, for instance, at a post office, in a 
village club or at low power TV repeater stations, and the fixed an- 
tenna can be mounted on the roof or in the ground using simple 
supports. 

(>:ntkal tklkvision and all-union radio 

The Moscow-based services are supplied to five broadcasting 
zones each of which comprise two or three time zones. Zone 1, com- 
prising time '/ones for Moscow time plus 8, 9 or 10 hours, covers the 
most eastern part of the Soviet Union. This receives the First 
C'hannel TV through the Orbita network and a Molniya 3 satellite. 



AjiadxhariDv. P A . pi al . idem. 

Saiolhlr Wi'fk. vol I. No 17. Apr 1{)S2. p 4. 

Satt*llitt' TV Nt'ws. No 'i. wintt»r l!)^2. p Mi). Iwn plu)t()S 
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It is intended that the Second (Channel will become available before 
the end of the current 5-year plan period through a new network to 
be called Double, using Gorizont-Statsionar 7. Molniya 3 will then 
be used exclusively for the far northern territories. Zone 2, for time 
zones with Moscow time plus 6 or 7 hours, receives First Channel 
through Orbita, Ekran or Molniya 3. Again there is the intention 
to add the Second Channel before the end of the current 5-year 
plan period through the new Double network, using Gorizont-Stat- 
sionar G. As with Zone 1, the Moskva system will be used for Chan- 
nel 1 and the Orbita system for Channel 2, 

Zone 3, comprising time zones for Moscow Time plus 4 or 5 
hours, covers the central parts of the U.R.S.R. including Novosi- 
birsk and Irkutsk. These nceive Channel 1 through the Ekran 
system and Channel 2 through Orbita or Ekran. Zone 4, for time 
zones with Moscow time plus 2 or 3 hours, receives First Channel 
through Moskva and Second Channel through Orbita. The fifth 
zone, European U.S.S.R., on Moscow time or Moscow time plus 1 
hour, has the same service as Zone 4 but from the Statsionar 4 
rather than the Statsioner 5 location. The First Radio Program and 
Mayak (Heacon) program are available to all zones through the 
Orbita network. 

c;kosynchkonou8 launch constraints 

The right ascension of the a.scending node of a satellite's orbit is 
the position of the point at which it crosses the equatorial plane, 
northbound, with reference to celestial coordinates. For a geosyn- 
chronous satellite in the equatorial plane this seeixiingly meaning- 
) 3SS concept is taken to be the geostationary position but, for incli- 
nations differing from the ideal zero degrees, the RA does have sig- 
nificance. Robert Christy, or the Kettering Group, pointed out that 
nearly all Soviet geosynchronous launches had similar RAs at 
launch and speculated that this was related to use of a Canopus 
sensor for alignment of the launch platform in the initial parking 
orbit. Nicholas Johnson showed that this resulted in a nearly 
linear relationship between hour of launch and the day of the year 
on which the launch occurred. Notable exceptions to this rule are 
Molniya 1-S and Kosmos 637 and 775. The U.S. geosynchronous 
launches do not exhibit such a relationship implying major differ- 
ences in approach. Johason showed that, commencing with Ekran 
I in li)7(), values of RA have been increasing, but at a decreasing 
rate, and that the curve for Gorizont satellites is displaced from 
the corresponding Ekran-Raduga curve. Analysis oy staff of 
Aerospace Corporation showed that luni-solar perturbations cause 
the inclination of the orbit to change with time. The rate of change 
can be minimized by choice of the initial value of the RA. This 
varies with date in a cyclic manner shown in figure 12 of Johnson's 
paper approaching a maximum in 1982. 

The displacements of Raduga 8 and Gorizont 5, launched almost 
exactly 1 year apart, are more apparent from the plot of initial RA 



SoK'lht*- WVfk. vol 4. No IT. Apr. 19S2. p 4. 
'"Johnson. N L "The Development and Deployment of Soviet Geosynchronous Satellitos." J. 
Br. Interplan Soc . vol. 'A'k No 10. October 19S2. pp. 4r)0-4r)J<. 
' » Ibid. 
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versus launch datcf than from the plot of hour of launch versus day 
of year. 

METHOD OF ESTABLISHING THE GEOSYNCHRONOUS ORBIT 

The theory for a minimum energy transfer from an initial near- 
Karth parking orbit to a circular orbit at geosynchronous height 
\ had been provided as early as 1925 by Dr. Walter Hohmann.'^?, He 
' showed that the minimum energy condition was met by an ellipti- 
/ cal transfer orbit which was tangential externally to the parking 
orbit at its perigee and internally to the final orbit at its apogee. 
Refiring the rocket motor in the parking orbit produced an in- 
crease in kinetic energy from the change in velocity, or delta-V, 
which was traded for potential energy as the sateP^^« climbed 
toward apogee, losing velocity as it went. Sometime -er, at its 
apogee, it would begin to fall back around the ellipse because its 
velocity at apogee would be insufficient for a circular orbit at that 
height. However, the firing of an apogee motor to provide the nec- 
essary additional delta-V would result in a circular orbit being es- 
tablished. 

The necessity for a plane change was an added complication. The 
Russian solution to the problem is illustrated in figure 42. A D-l-e 
launch from Tyuratam placed Kosmos 637, its transfer rocket and 
launch platform in a near-Earth parking orbit inclined at 51. G** to 
the Equator. Just over an hour after launch, as the spacecraft 
crossed the Equator over the Gulf of Guinea, the transfer rocket — 
possibly on command from a tracking ship in the Gulf— fired to 
raise the velocity from 7.8 km/s to 10.2 km/s and reduce the incli- 
nation to 47.2". This amounted to a delta-V of some 2.5 km/s. The 
spacecraft separated from the transfer rocket and climbed on a 
path which took it across the Soviet Union and China to its apogee 
over the Equator some 5 hours later. ''^^ By then the velocity had 
dropped to 1.6 km/s — 1.5 km/s short of the geosynchronous velocity 
of 3.1 km/s. However, this very low apogee velocity permitted cir- 
cular izat ion with the associated plane-change of 47.2'' through a 2.3 
km/s delta-V apogee burn. 



'Miohmunn. W Dio Erreichbarkeit der HimmeUkorper. Munich. Oldcnbourg. K'^/) 
•''Ferry. (J E Kussian Geostationary and Early-Warning Satellites. R.A.K. Qy., vol. 17. No. .'J. 
autumn IHTT. Hg. 2. p 272 
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Fiui;ri 42.^tage9 in Establishing a Geosynchronous Orbit from a Tyuratam Launch 

Typically two fragments, labelled B and C by NORAD, remain in 
tha near-Barth parking orbit from which they decay naturally in a 
fev/* days. Two fUrther objects, D and E, are cataloged in the trans- 
fer orbit while the payload. A, and a further fragment F reach the 
geosynchronous orbit. F is probably the apogee motor which is jetti- 
soned once the final location is reached. 

The sequence of events just described constitutes a two-impulfso 
technique. Agadzhanov describes a three-impulse technique whici; 
is currently employed in which the apogee of the transfer orbit, al- 
though still in the equatorial plane, is higher than the geosynchro- 
nous altitude.^* The second impulse raires the perigee from the 
height of the reference, or near-Earth parking, orbit to the geosyn- 
^chronous altitude, also in the eouatorial plane. The third impulse 
lowers the apogee to the geosynchronous altitude at the instant the 
satellite passes the perigee of the second transfer orbit. He points 
out the disadvantage of the two-impulse technique in being able 
only to place the satellite within an arc of 11.25 of longitude for a 
specific launch time such as dictated by consideration for minimiz- 
ing lunisolar perturbations discussed at the end of the last ^tiofl. 
The three-impulse technique is not restricted in the location of the 



^♦Agadzhanov. P.A., et al.. idem. 
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final KeosyiichroriouH position ^ the launch time as this can be 
varied by suitable choice of apo^jee height for the first transfer 
orbit. 

Other perturbations produce gradual changes in the geosynchro- 
nous location and, consequently, sporadic correction of the orbit is 
necessary. .The number T)f corrections depends on the permissible 
amount of annual drift in terms of longitude. If such drift is not to' 
exceed 4Vyear, up to six corrections may be required. 

It was soon realized that the geosynchronous orbit would become « 
overcrowded with operational and exhausted satellites leading to a 
•^possibility of collision resulting in damage to an operational satel- 
lite. Steps are now tfiScen to remove exhausted satellites from this 
orbit by transferring themUo other orbits at ihe end of their active 
life. The Soviet ISnion removed Radugas 2 and 3 and the first two 
Ekrans from the geosynchronous orbit by placing them in elliptical 
orbits with slightly different orbital periods. 

RKCORI) OF SOVIET GEOSYNCHROK ^US l-AUNCHKS 

Table 33 lists the various Soviet geosynchronous payloads which 
have reached orbit, arranged in geographical location from west to 
east arounti the Equator. 

TABLE 33.-SOViET GEOSYNCHRONOUS PAYlflADS 



Locatfon i*l kwjgilwJe) 

J5[ a4 bf 53f 58H M 80f 85E 90E 99E UOE 1/OE 190£ 335E 346-7t 
SialSionar locaLyi 

2 9 5 \ 1.3.6 6 T ; 10 10 8 4 

M3f <'6 IS/- Kosnw^ bJ/ 
July I9/-1 Mclniya IS 
Oct a 19/^ Rosmo^ Ih 

>pt ;i \Vh R 2 

Oct 7h \Vh E-1 

Jury n 19?/ R 3 

Sept 20 • , E 2 

Jutv 18 i9/8 R 4 ' 

Oec 19. W8 (G-l) 

F^b 21 \m I 3 

Ap( 7S \W R 5 

luty ■) 19/9 G ? 

Oct ^ 19/0 \ X 

Da 28 19/9 G 3 

Feb '3 1980 R 6 

lune U 1980 G-4 
luty li 1980 

ncl S 1980 R / 

Dec 1980 i'V 



Notes 

1 The iJtHe Jrianges in gecguph>cdi order from ^est to east ttte equatofial longtludmai stations regislefefl at ttie Inief national leteconimuflicatjon 
UnKXi Soviet geosyf^chronou^ satellites rtw tifsl line «n the trading is m degrees East fE) of West (W) longitude, the sea d lioe m the heading 
$ftc*^ tr« Siaisionai designation it should t)e noieO that 190E is the sarre as UOW. 33St is the same as 2SW, and 346- /E are Ihe same as 13- 

2 Saiefiit^s Ah>ch ha^e assumed a legisieted position through the end ot 1980 had ail Men m the Statsnnaf series iro-- 1 throush 11 or T 
S^trj! of the registered Statsionar positions have not yet been titiii/ed There is some confusion about these locations m fa*-- 'ircause btaisionar 1 
satetJites have 2cne t»th to gOE and 85^ Stalsionar 6. has not been u:;ed yet, but mav be at either 8SE or 90E Statsionar 10. also not used vet. 
may 5e at ftther l/QE or l90f Statswar T is supposed to be at 99E. but at leas! 2 satellites ;n that system are at 53f 

3 Kcsmos 63/ was the first flight to reach a i^eostattonary position, but its equatorial location not announced it was presumed to \» an 
eng!neering test Mcimya 1 S was a commun<ations test at the frNuencies also used by the i2-houf senusynchrorxjus. inclined orW Molniya 1 targe 
famity Kosmos //S was another test flight wt.^h reached geostationary orbtt. but not to an announced equatorial spot Speculativtiy. it was related 
to earty warm/tg missxxis 
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4 Tin mt o( ttn n^lit) hivi bun nmftoid is rudiMi SUhwiar riftstirid m\m. TM littir R refirs to fUJu|a ffiihts; the letter E rffm 
to i^m Hifhts Mtf ttN Stilsjonir-T wm. and tt« Mir G rtfiri Gormnl tl^. Gorinnt 1 ruM nosynchronous oftf. but not leosUtioniry 
«M. instead tricifi i fifurfS pittern 

5 One is Hft to luiss iM rtiflMMml Mts in j ima StitsiOMr position in to providi resirvi cipicity. ind whicft ripUce fiiW piytoids. 
6. TM text o( ttn main report dochbes mteon. freouencm. and ottMr dMiits o( each of ttwse classes ot piyioads. 

SourciS: Fiiftit dries ire fram app. W of pt 1. SUtsionar nipmttf o( fliitits «( iz mnqunced ^ Tass. Actual lontitudi^posjtions from Raduju 
1 throu^ Goiuoftt 4 are from: Morfin. Wafiir L GMtynchroneys Sateite Lo| for 19S0. in Comsat Tectmical Mew. vol. 10. No. 1. sprmi 1980, 
pp.23a-H2. Subsequent flichbhiMbiifl estimated based OA Titt announced . 
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Broader Proposals and Appt^iCAiioNS of Soviet C!ommunications 

Satelutes 

international links 

Intersputnik system 

^ At the 1968 United Nations-sponsored meeting or the peaceful 
uses of outer space, the Russians unveiled their plans for an inter* 
national consortium known as Intersputnik which would rival the 
Intelsat system in providing communications services. At Vienna 
the Russians discussed their future plans for Intersputnik which 
included progressing from the Molni}ra .ellities to an advanced 
24-hour synchronous system. The Russians did not discuss technical 
details but said that the satellite's operation would be compatible 
with the Intelsat system and that the ^tellite would be quite large 
and have a high power output.''* 

On November 15, 1971, nine countries signed an agreement in 
Moscow to establish the Intersputnik system. Parties to the agree- 
ment were: Bulgarig, Cuba, Czechoslovakia, East Germany, Hunga- , 
ry, Mongolia, Poland, Romania, and the Soviet Union. 

The first direct television transmission from the U.S.S.R. to Cuba 
was performed November 7, 1973, with the telecast of the Red 
Square Parade. Later, telecasts of Soviet Communist Party Secre- 
tary Leonid Brezhnev's state visit to Cuba were relayed to Moscow. 
The Intersputnik 'system was formally inaugurated in February 
1974 with the commencement of regular relays, via Molniya 2 sat- 
ellite, between- Cuba and Russia. Telecasts were relayed by the 
Caribe Earth statidn equipped.^ith a 12-meter dish antenna and 
located 30 kilometeirs from Hava'xjia in Haruco. Later, a Czechoslo- 
vakian station in Prague was completed on the eve of the 1974 May 
Day celebrations, and an Ulan-Bator, Mongolia station was finished 
before the October celebrations of the same year. 

The Molniya satellites were replaced by Raduga satellites when 
they became available since their geosynchronous orbits were more 
advantageous than the highly elliptical Molniya orbits which re- 
quired fully steerable antennas at the ground stations. Today Gori- 
zont satellites have replaced the Radugas entirely. 

Currently, Intersputnik leases four transponders on. Gorizont- 
Statsionar 4 from the U.S.S.R. Two of these are used for radio-TV 
transmissions, one for voice and data links, and the fourth is spare. 
It also leases two transponders on Gorizont-Statsionar 5. One for 
radio-TV and the other for voice and data links. Eventually it is 
planned that Intersputnik will have its own spacecraft but prob- 
ably not before the end of the decade.''® 



" Aviation Week St Space Technology. New York. Aug. 26» 1968. pp. 19-20. 
" Satellite Week. vol. 4, No. 17. Apr. 26. 1981. p. 5. 
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Although Inturnputnik consists of socialist bloc countries it is an 
organization open to any state that wishes to join and abide by the 
agreements, principles and policies of the organization. A letter of 
intent is sent to the Directorate agreeing to pay annual dues of 
15,000 rubles.^"^ The government of Intersputnik consists of a board 
and directorate. The Board consists of one representative from each 
member state, each with an equal vote. It meets annually or more 
frequently if necessary to decide how Intersputnik should be oper- 
ated, the technical specifications of ground stations, and to elect 
the Director-General and his deputy. The Directorate, consisting of 
these 2 persons and 10 technicians, is the main executive and ad- 
ministrative body of the organization. The Director-General is the 
representative to all outside international or state organizations 
and executes the Board's decisions. 

Each member state must construct an Orbita ground-receiving 
station in compliance with the standard technical specifications of 
„ Intersputnik. These stations are the property of operating agencies 
under the Intersputnik agreement. They need not be purchased 
from the Soviet Union; in fact, Nippon Electric supplied the Inter- 
sputnik stations* to Algeria and Iraq. The increased power of Gori- 
zont over Molniya and Raduga means that some antennas are only 
12 m in diameter instead of the 25 m diameter needed initially. 

Providing they have the proper facilities, member countries may 
launch and control satellites belonging to Intersputnik on a bilater- 
al agreement with Intersputnik. 

The original member states have now been joinied by Vietnam, 
South Yemen, Afghanistan, Syria, and Laos. Algeria and Iraq are 
not members but lease channels from Intersputnik. North Korea is 
preparing an Intersputnik Ear*h station and Intersputnik has had 
contacts with Libya, Angola, Mozambique, Madagascar, and Sri 
Lanka. Intervision countries of Intersputnik are not member states 
but use Intersputnik for televi&ion program exchange, telephone 
and telegraph links. During the 1980 Moscow Olympics more than 
30 countries in Africa, Asia, Eur'^pe, and Latin America used Inter- 
sputnik to receive l^oadciasts. A total of 820 ho^rs were broadcast. 

Intersputnik services are cdnsiderabl> les4 expensive than those 
of Intelsat. The lease of one satellite-voice circuit costs $11,615 an- 
nually compared with the Intelsat charge of $19,358 and Earth sta- 
tion operations cost $383 for the first 10 minutes and $11 per 
minute subsequently as opposed to Intelsat's $968 and $30 respec- 
tively.''® 

Pirard claims that techniques developed and used by Intersput- 
nik are currently not as adviinced as those used in the Intelsat 
system but that Intersputnik appears to be working to lessen the 
technical disparities between the two systems. He speculates that, 
in the near future, Intersputnik may well prove to be a strong com- 
petitor for the world market.''^ 



" Pirard. T. Satellite Commun .catioiuj. vol. 6. No. 8. Aug. 1982, pp. 38-44. 
^' Ibid 
Ibid. 
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Inmamat 

As early as 1966 the delegations of the United States and the 
U.S.S.R. to the newly established Inter-Governmental Maritime 
Consultative (Committee [IMCO], considered it advisable to attempt 
to solve maritime satellite communications problems on an inter- 
national level. In accordance with a Soviet proposal, a special 
Panel of Experts wa^^set up in 1972, under the auspices of IMCO, 
to elaborate a concrete Vork program.*" 

In 1976, the Soviet Ministry of Merchant Marine set up an au- 
tonomous organization, charged with processing data received by 
means of Soviet and International Earth satellites necessary for en- 
suring communication and navigation on the high seas. Launched 
with capital of 40 million rubles, called Morsviazsputnik (maritime 
satellite communications), it is planned to operate ultimately as a 
self-supporting commercial concern. Its President, throughout its 
existence, has been Yuri S. Atserov. 

The Convention and Operating Agreement on Inmarsat, adopted 
by the Third IMCO Conference Session on September 3, 1976, came 
into force on July 16, 1979, once sufficient member-states (26) had 
subscribed 95 percent of the initial share capital. 

Membership of Inmarsat, as of January 1983, comprised 37 
member states. The Byelorussian and Ukranian SSRs are counted 
as separate members of the Assembly, which decides on political 
matters. Each Assembly member has one vote, and the body elects 
four at-large members of the Council, which is responsible for In- 
marsat management. Voting in the Council is weighted on the 
basis of each nation's percentage cf ownership. The United States 
holds the largest share investment, 23.36 percent, followed by the 
U.S.S.R. (including the Byelorussian and Ukrainian SSRs) with 
14.09 percent, the United Kingdom (9.89 percent), Norway (7.88 
percent), and Japan (7.00 percent). The minimum holding permissi- 
ble is 0.{)5 percent. 

The operational plan for the first gt leration of the system pro- 
vided for coverage over the Atlantic, Indian and Pacific Ocean 
zones via leased transponders, installed upon Marecs, Intelsat-S, 
and Marisat satellites. Initial tariffs were set at $5.25 per minute 
for the use of a telephone channel and $2.4 per minute for the tele- 
graph channel. Distress messages and control tests of shipboard 
terminals were to be on a free-of-charge basis. 

The Soviet Union is contructing coast-Earth stations for man- 
time satellite communications at Odessa (46.6° N, 30.3' E) on the 
Black Sea and Nakhodka (42.8' N, 132.8° E), a small port on the 
eastern Siberian coast 100 km to the east of Vladivostok on the Sea 
of Japan. These will be capable of operating both within the Inmar- 
sat system and the internal Volna-Statsionar system. Coast Earth 
Station-I, at Odessa, will service the Atlantic and Indian Ocean 
zones, while Coast Earth Station-II, near Nakhodka, will cover the 
Pacific and Indian Ocean zones'. The capacity of each of these cen- 
ters is planned to be up to 80 equivalent telephone satellite chan- 
nels. 
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The Soviet-built *\Standard-A" ship-Earth station with a 0.8-1.0 
m dij^meter antenna, expected to be in mass production by 1982, 
meet > all the specifications of Inmarsat and of the U.S.S.R. Regis- 
ter regarding the conditions of operating this type of equipment on 
board vessels, including arctic conditions. 

As of January 1982, only nine Soviet ships were equipped with 
ship-Earth stations, all supplied with U.S. or Japanese-made termi- 
nals and operating through the Marisat system. Four of these were 
cruise ships, for which the terminal is provided as a passenger 
service facility. With a total of more than 17,000 vessels, operated 
by 17 different corporate organizations, including those devoted to 
inland waterways, to be equipped in due course, the U.S.S.R. took 
the logical view that its own domestic technology should be mad^ 
to handle at least its own market. Further spread of terminals in 
the Soviet fleets was therefore halted until development of an in- 
digenous ship-Earth station should be complete. Light-weight ter- 
minals of the "Standard-B" type, permitting duplex and simplex 
telegraph communications and reduced quality telephone commu- 
nications, are also under development. Their mounting aboard any 
vessel, regardless of its displacement, envisages the use of a light- 
weight antenna of up to 0.5 m diameter. 

According to Atserov, Soviet shipping companies will be free to 
choose whether to buy Soviet equipment or foreign-made terminals. 
The target plan is for 4,000 vessels to be equippeid over 15 years, of 
which a large percentage will be fishing vessels, reflecting a policy 
of bringing high technology and tight management to the massive 
investment in the fishing industry. The m^'ority, however, will be 
assorted commercial cr."ft. Equipping with termmals is expected to 

groceed at an initial rate of up to 100 a year from 1983 when the 
oviet unit is expected to enter production. 

With the Volna research program, a series of small traffic coast- 
Earth stations to he installed directly with the shipowners, is being 
developed. Work is also in progress on the creation of Aerosat, a 
satellite and communications system for aviation. This will be re- 
quired to provide reliable communications with aircraft, primarily 
transport planes, in telephonic and telegraphic modes and the con- 
tinuous determination of the aircraft's position. 

A feasibility study is also in hand towards the possibility of 
equipping some of the Molniya satellites for maritime use. The ad- 
vantage would be their ability to provide quality links with lati- 
tudes too far north for coverage by geostationary satellites. Mors- 
viazsputnik representatives at the 32d I.A.F. Congress in Rome in 
1981 explained that in extreme northern and southern latitudes 
(greater than 72"), cargo, fishing and research vessels, drilling plat- 
forms and drifting stations of many countries were unable to use 
geostationary satellites. Experiments to provide TV transmissions 
to arctic ships, carried out in 1979, proved unsuccessful, requiring 
too large an antenna. Additional requirements for ship-Earth sta- 
tions operating through Molniyas would be ensuring correct track- 
ing of the satellite and compensation of Doppler shift due to the 
satellite s velocity relative to the ship by an automatic frequency 
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comi)ensati(>n Bystorn. To provide two (J-hour communication ses- 
aionsj from Earth segments outside latitudes lying between approxi- 
mately 55° N and 55° S, ship antennas need to be able to track the 
satellite at angular velocities of up to lOVhour, which is quite fea- 
sible.'*^* The Soviets w£.nted Inmarsat to consider use of two or 
three satellites, based on Molniya and its highly elliptical semi-syn- 
chron as orbit inclined at (53' to the Equator, to supplement the 
U.S. Iviarisat and next Inmarsat geostationary systems. 

The question of use of ship-Earth stations in Soviet harbours has 
yet to be resolved. Current regulations, basically allied to those 
governing the use of conventional radio, for use both in harbour 
and territorial waters, are quite restrictive. Free use of satellite 
communications is permitted only for ships in distress, aiding 
others in distress or when sailing through ice. Apart from this, spe- 
cial permission to use communication satellites can be obtained 
only when there is no .shore radio station within a 10-mile radius of 
the por^,. Further development of this legislation may emerge in- 
cludin^^ the issue of possible bilateral agreements as an instrument 
to solve these problems. 

U.S.-U.S.S.R. cooperation 

By mid-U)75 the Soviet Union was in the final stages of testing a 
major Earth station close to L'vov in the Ukraine, near the Polish 
border (49.9° N, 24.0° E), to operate in international commercial 
communications with Intelsat. The Russians purchased from ITT 
Space Communications (International Telephone and Telegraph 
Corp.) 12 duplex voice-grade channels of Spade terminal equipment 
that makes possible operation with satellites on a demand-assign- 
ment basis. HT-U.S.S.R. negotiations on the Spade equipment de- 
veloped during the Washington-Moscow hotline discussions (see 
below) With Spade terminal equipment, the communicator can uti- 
lize satellite channels that may remain unused for long periods. 
Spade equipment installed at the L'vov station gives the U.S.S.R. 
direct access on a demand assignment basis to similarly equipped 
stations in the United States, Canada, Peru, Brazil, Argentina, 
United Kingdom, the Netherlands, France, Italy, Greece, Switzer- 
land, West Germany, and Sweden. ., ■ ■ 

The Dubna station, 140 km north of Moscow, was built in time 
for the 1980 Olympic games and houses three Earth stations. The 
first, with an antenna 32 m in diameter, manufactured by the 
Nippon Electric Co., is used with an Intelsat-5 satellite for voice 
and data links with the United States, Canada, and between Tokyo 
and Brazil (with land link from Japan to Dubna). The second sta- 
tion is used for Intersputnik and the Moskva system through the 
Gorizont-Statsionar 4 satellite and has a 12 m dish made in the 
Soviet Union. The third station is to be used with Loutch satellites 
in the Ku-band and is expected to be ready in 1983. AH three sta- 
tions are served by a central control room. The Director of the 
Dubna station is Viktor Okhrimenko.""' 



"^Satellite Wtfk. vol .No. W. October I'.txl. p 4 
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"'Satellite Week. vol. 4. No. 17, Apr 2(1, m\. p. K. 
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Neither the l/vov nor Dubna stations feature in the I.T.U. publi- 
cation used as the source for table 24. Only the Moscow station is 
listed as working through the Atlantic Ocean Intelsat, but this 
may, in reality, be synonymous with the Dubna station. 

Washingtori'Mosvow hotline 

The United States and U.aS.R. on September 30, 1971, as part of 
the initial Strategic Arms Limitation Talks [SALT] negotiations, 
signed accords on the prevention of accidental warfare which au- 
thorized the establishment of a new Washington-Moscow **hotline" 
via satellite. The main objective of a satellite link would be in- 
creased reliability. Although the terrestrial hotline, which was es- 
tablished as a result of the Cuban missile crisis, has never been a 
target of planned sabotage, it has been subject to occasional disrup- 
tion with sections of the cable blacked out by fire, pilfered, and 
once plowed by a Finnish farmer. 

The hotline system consists of two duplex telephone-bandwidth 
circuits equipped for secondary telegraphic multiplexing and for 
ground stations for transmission and reception. One circuit is on 
the Molniya system and the other is on the Intelsat system. En- 
coded teletype messages go from the United States to Moscow in 
English via the Intelsat system and from Moscow to the United 
States in Russian via Molniya 3 satellites. 

Originally, the Russians intended to use a station in the suburbs 
of Moscow for Intelsat and a Molniya statioi at Vladimir. Howev- 
er, because of severe winter weather coriUitions in the Soviet 
Union, the Russians have constructed a seccmd Intelsat station, ap- 
proximately 50 miles from LVov, to ensure^ncreased dependabil- 
ity.»« The United States has a Molniya station at Fort Dietrick in 
Frederick, MD, and an Intelsat station at Etam, WV. 

Although Soviet and American communications experts had suc- 
cessfully tested the new network, the system was not scheduled to 
begin operation until the second half of 1976.8^ . 

On January 16, 1978, the **hot line" began using two independent 
satellite systems to transmit messages between Washington and 
Moscow. It was expected to provide a communications service of 
higher reliability than the cable link or the recently discontinued 
high-frequency radio system. The DCL would be less vulnerable 
than those systems since it eliminated dependence on third-country 
facilities. In addition it was not susceptible to the interruptions 
caused by atmospheric interference problems common to HF radio 
systems. 

Circuits are tested hourly, using a variety of sample messages. 
Normally, items such as nonpolitical passages from magazine arti- 
cles and books are used in the text of the messages. All messages, 
including these transmission tests, are automatically encoded upon 
transmission and decoded upon receipt Both United States and 
Soviet systems operate simultaneously so that if one system fails, 
the other continues to provide communications. 



Und.itpd StaU* Department press release issued by the Direct Communications Link (DCL) 
Delegation. 

Wren. C ".Soviet and the U.S. Are Shiftmg Hot Line to Satellite Systems." New York 
Times. Mar. Z\, 
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One notable use of the "hot-line" occurred during the Arab-Israe- 
li Six-Day War ii 1967 when President Johnson advised the boviet 
Union of U.S. ship and aircraft movements in the Mediterranean 
following an Israeli attack on the U.S.S. Liberty.^^ , 

'*Mars "portable ground station 

The Soviet "Mars" portable ground station for the Molniya com- 
munications satellite system was first used in November iy7d to 
transmit television broadcasts to the Soviet Union of Brezhnev s 
visit to India. The Mars station was also used in Ulan Bator during 
the festivities fo:- the 50th anniversary of the Mongolian Peoples 
Republic to transmit television programs between the ^50Vlet and 
Mongolian capitals. It has also relayed television signals from 
Havana and Sofia. , . , _ . u 

The air-transportable, truck-mounted unit has a 7-meter dish an- 
tenna and contains essentially the same elements as the orbital 
permanent ground stations for Molniya and can be put in three 
containers 5 m long, 2 m wide, and 2.5 m high. The large power 
output of the Molniya satellites makes the use of this small trans- 
portable stpLion possible. Mars, which can be moved from point to 
point while semi-deployed, has a capacity of one color television 
image and one audio channel. A distinctive feature of the portable 
station is its capability to operate with satellites which are either 
in an elliptical or geostationary orbit. 

JOINT EXPERIMENTS WITH FRANCE 

Like much of the rest of the world, the Soviet Union has not only 
had a rapid expansion of television services, but has moved toward 
use of color broadcasts, although not so fast a pace as the United 
States and Japan. After studying various technical alternatives to 
the achievement of color, the Soviet authorities selected the f rench 
SECAM 3 system, which they now build under license. 

The Russians have also demonstrated color television exchanges 
with France via Molniya 1, using the main ground station at 
Moscow, while the French used their Intelsat station at Pleumeur 
Bodou in France. By this means, the video portion of a color pro- 
gram was sent on November 29, 1965, from Moscow to Pans. A 
return broadcast was made from Paris to Moscow on May iH, I9bb. 
Tnere followed 13-days of additional tests in both directions. 

In 1966, when General DeGaulle visited Moscow, Molniya 1 was 
used not only to broadcast the program to Soviet outlets, but also 
was relayed to Paris. 

KOSPAS-SARSAT 

The idea of using satellites to perform a search and rescue [SAR] 
function dates back to 1959 when Space Electronics Corp. made the 
proposal to NASA and DARPA. This gained no support until the 
tnid-l!)7()s, when a U.S. interagency group recommended NAbA to 
evaluate the technique. Initially this called for the distressed cratt 
to carry a small emergency locator transmitter which would be 
turned on by impact or manually and transmit a distinctively mod- 
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ulated signal at 121.5 MHz and 243 MHzrt he civil and mi litary dis- 
tress frequencies. The satellite would rebroadcast the received 
beacon signal to a ground station, which would determine the satel- 
lite's nosition at the instant of zero beacon-doppler shift. The dis- 
tressed craft would be somewhere along the line perpendicular to 
the satellite's ground-track at that time and the rate of change of 
the received beacon-frequency would a measure of its distance 
from the sub-satellite point. 

Congressional action resulted in distress beacons becoming man- 
datory after July 1974 but similar action to establish a network to 
monitor such signals was not forthcoming. Scientists at NASA's 
Goddard SFC found that the distress beacon carrier frequency, es- 
^pecially from the very low cost units developed for general avia- 
tion, was not sufficiently stable for direct processing by the method 
outlined above. A new 406 MHz beacon system, still under evalua- 
tion, was specially designed for satellite system use. The more 
stringent requirements on transmitter-frequency stability should 
3ermit rapid, simple beacon-doppler processing on board the satel- 
ite using microprocessor techniques. This means that the position- 
Ix, made by the satellite can be stored on board and later trans- 
mitted to Earth w^en the satellite comes in range of a local user 
terminal, ensuring global coverage for all distressed Craft, regard- 
less of whether there is a local user terminal in the region. In 
order to avoid possible interference from other beacons in the same 
area, the beacon will transmit for 4 iO milliseconds every 50 s. The 
silent interval will be changed slightly every cycle to prevent two 
beacons repeatedly transmitting simultaneously.®^ 

The processed signal would be transmitted to Earth digitally in 
the L-band at 1.544 GHz. In March 1977, a technical team from the 
Soviet Union was briefed at Goddard SFC by NASA on ways in 
which the Soviets might participate in the proposed NASA-Canada 
SAR demonstration. A proposed experimental program was devel- 
oped in which one or more Soviet satellites would be equipped with 
SAR transponders and Soviet ground stations would be established 
for SAR operations. In addition, the Soviet activity was to be com- 
patible technically and in schedule with the NASA-Canadian pro- 
gram.^ ° 

By the beginning of 1980, NASA had commenced modifications of 
NOAA spacecraft and signed interagency understandings with the 
U.S. Department of Transportation, NOAA, and DOD. Internation- 
ally, an agreement had been signed during 1979 between NASA, 
the Canadian Department of Communication [DOC], and the 
French National Center for Space Study [CNES] which provided for 
SAR instrumentation to be carried onboard three U.S. NOAA oper- 
ational meteorological spacecraft for a 15-month demonstration 
(called SARSAT). A second agreement signed between the SARSAT 
parties and the Soviet Union during 1979 established interoperabil- 
ity between the SARSAT system and a similar Soviet system 
(called KOSPAS). The KOSPAS-SARSAT agreement, which en- 
tered into force in August 1980, provided for a cooperative effort 
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which would allow a more effective demonstration and evaluation 
to take place than would have been possible for either system 
alone. The Soviets were to launch at least two interoperable space- 
craft beginning in mid-1982. ^ . , t * 

Roman Chernyayev. Deputy Director of tne Central. Instit|ite of 
the Merchant Marine in Leningrad, speaking to TASS in 1981, said 
that full-scale testinp of the system was planned for 1983 and that 
test operation of the system was scheduled for 1984. 

Further details of the Soviet approach are given in their submis- 
sion to the Second United Nations Ck)nference on tne Exploration 
and Peaceful Uses of Outer Space and in Agadzhanov s booklet on 
Communications Satellites.^^ . o * _ 

The KOSPAS-SARSAT system (KOSPAS is a Soviet acronym for 
"Satellite System for Locating Vessels and Aircraft in Distress ) 
operates in close cooperation with Inmarsat, IMCO and thp^"gr- 
• national Consultative Committee on Radiocommunication [C.C.I.K.J.- 
The latter is a body within the LT.U., engaged, in particular, with 
the coordination of developments and experiments conducted by 
countries in choosing optimal principles of transmitting signals 
'^from marine EPIRBs (Emergency Position-Indicating Radio Bea- 
cons) and aviation ELTs via satellites. . 
The KOSPAS-SARSAT project consists of two distinct experi- 
"~ments involving wparate frequencies. Jhe-JiMt^experi^^^ 
the existing family of ELTs and EPIRBs which transmit at 12 L5 
and 24y MHz. The second experiment uses ELTs and EPIRBs spe- 
cifically designed to transmit at 406 MHz. The key advantage of 
use of 406 MHz is that its higher power and improved frequency 
stability will greatly enhance the overall system performance by 
comparison with the 121.5/243 MHz system. In addition, the 406 
MHz data message can be transmitted with information containing 
the vessel's code, its flag, type of vessel, the nature of damage or 
the time elapsed. The parties have agreed upon emergency proce- 
dures and the formats of exchange of emergency and operational 
information between the KOSPAS and SARSAT centers. Both sys- 
tems are being developed so that their technical characteristics will 
be compatible and they will be able to function effectively both in- 
dependently, separately, and together, in coordination. 

Some satellites of the system will be placed in circular circump(^ 
L orbits at an altitude of about 1000 km, as currently employed 
by navigation satellites in the Kosmos series. When the signal re- 
ceived is decoded a determination is made of the coordinates ot the 
object in distress (initially with a precision of 2 to 4 km). It is calcu- 
lated that, in the initial stages of experimental operation, it will 
take an average of no more than 2 hours from the moment the dis- 
tress radio buoy is switched on until its signal is received by the 
"re<?''ue" satellite. Calculations have also shown that the chances 
for saving objects in a state of distress and people having met with 
catastrophe increase dramatically with this short notitication 

^L^al User Terminals [LUT'c], ground stations for the reception 
of satellite search and rescue information, are being established in 
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Moscow, ArchanKornk. and Vladivostok for the KOSPAS system, 
and in the United States (in Illinois, California, and Alaska), 
Canada (in Ottawa), and France (In Toulouse) for the SARSAT 
system. Head of the Kospas project is Yuri Zurabov and Yuri Ma- 
karov is its technical manager. 

Levels of financial contributions, in millions of U.S. dollars, have 
been estimated at U.S.S.R., approximately 40; U.S.A. 29.0 (NASA 
24.0, DOD/USAF 2.5, DOT/Coast Guard 2.5); Canada, 14.0; and 
France, 10.0. 

Future of Communications Satelutes 
technical considerations 

Soviet radio engineers and communications specialists are study- 
ing the optimum relationship between the power of on-board trans- 
mitters and the scale of the equipment at ground stations for the 
reception of information. The greater the power of the on-board 
transmitter, the simpler are the ground antennas and the receiving 
equipment. However, this is compensated for by a complication of 
the satellite and an increase in its weight. Thus, the question of al- 
ternative communicatioj; distribution systems arises. One alterna- 
tive is the use of one relatively large antenna along with ground 
channels as is done in the Orbita system. Another alternative is 
the use of a more powerful satellite with receivers in each populat- 
ed place similar to the Indian approach. Both these directions are 
technically feasible.^"' 

The latter alternative has been adopted for the Fkran system de- 
scribed earlier and it is arguable that, in some instances, such use 
mifeht be considered as a direct broadcast system. 

Moves to use of the higher frequency bands in the West find par- 
allels in Soviet thinking. The Ku-band at 10/15 GHz is specified for 
the lioutch satellites and, no doubt, research and development at 
20/30 GHz is in hand. 

DIRECT BROADCAST SATELLITES 

Eventually, the power of the on-board transmitters will be in- 
creased to sufficient strength for direct television broadcasting 
from space. However, Soviet views on direct broadcasting from 
space are ambivalent. They have referred to such plans as means 
of aggression, Thev reason that such programming might involve 
the spread of hostile propaganda and would circumvent the careful- 
ly controlled programming now under the jurisdiction of the indi- 
vidual states. These fears inspired a SovieL-sponsored proposal on 
direct broadcast television satellites which would authorize any re- 
ceiving nation to destroy or jam the satellite if it judged the broad- 
cast illegal or erroneous. In the draft treaty presented to the 
United Nations by Foreign Minister Andrei uromyko on October 
12, 1972, specific illegal areas would include those that: were detri- 
mental to the maintenance of international peace and security; 
interfered in intrastate conflicts; encroached on fundamental 
human rights; presented violent, horror-oriented, pornographic and 
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drug propaganda; wure against the foundations of local civilization, 
culture, mores or traditions; or presented misinformation, The sole 
judge of the illegality would be the receiver nation. 

At the same time the Russians have discussed in glittering gen- 
eralities the vast potential of direct broadcast from Satellites. Ac- 
cording t^) academician Boris Petrov: 

Thanks to . . . direct transmissions of television pro- 
grammes through sputniks to conventional television aer- 
ials, it will be possible to have a wider dissemination of sci- 
entific, medical and health and agricultural knowledge. 
Space television will become available to the population 
even in the most remote parts of the world."^ 
And, in 1974, Oleg Belotserkovets, sector of the Moscow Technical • 
Institute of Physics, announced: 

Soviet specialists havfi,.developed ' devices which will 
make it possible in the nearfe future to receive television 
broadcasts rom cominunications satellites directly 
through house aerials . . . The quality of the broadcasts 
will improve . . . When this work is completed there will 
be practically no places left in the country inaccessible to 
television reception.*^ 

One of these "devices" could be the use of nuclear* powered 
broadcasts. In 1972 ii was announced that a nuclear power source 
was successfully tested in one of the Kusmos satellites, More power- 
ful atomic reactors were to be installed -on future sputniks which 
would enable the srtellites to transmit a signal of such strength 
that reception directly on the television set antenna, without previ- 
ous reinforcement at the Orbita station, would be possible.^' No in- 
dication of the use of nuclear reactor power for such use has yet 
appeared, such use being solely for the radar ocean surveillance 
satellites of the Kosmos series. 

TRACKING AND DATA RELAY SATELLITE SYSTEMS 

Details of an Eastern Satellite Data Relay Network [ESDRN] 
lodged with the International Frequency Registration Board m 
1981 show that the Soviet Union intends to oporate a system em- 
ploying frequencies in the Ku-band similar to the American Track- 
ing and Data Relay Satellite System for communicating with 
Salyut stations and other spacecraft in low Earth-orbit, commenc- 
ing no sooner than December 19S5. , j 

Data relay satellites are to be positioned at 16° W, and 95 E and 
Earth stations will be established at Moscow and Khabarovsk. 

METEOROLOGICAL SATELLITES 

Weather reporting by satellite was another of the early uses of 
satellites identified by the Ru-ssians, although an operational 
system was not developed until a much later date. Global weather 

»« Aviation Week & Space Technolc^O', New York, Oct. 2;), 1972, p. 20. 
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photos are important lor a variety of reasons. First, weather is a 
total system involving interactions in the atmosphere of the whole 
planet. Hence, worldwide reporting of phenomena with frequent 
updatings is important to any forecasting other than immediate 
forecasting in a particular location. Second, weather distant from 
the home territory of a country such as the Soviet Union is impor- 
tant to operations of commercial and military aircraft, to the mer- 
chant and naval fleets on the 3eas, and to fishing interests. Former 
methods never gave an adequate or timely average because report- 
ing stations were too few and communications were too slow. Satel- 
lites have the capacity to provide data needed to remedy these pre- 
vious shortcomings. 

Early Experiments 

An earlier section of this study has listed the types of missions 
assigned to Kosmos satellites, witn several of those missions at 
least indirectly pointed toward development of meteorological satel- 
lites. These references included various kinds of solar studies, iono- 
spheric studies, magnetic studies, and studies of the distribution of 
cloud cover. 

KOSMOS 14 AND 23 

These two satellites of April 13, 1963, and December 13, 1963, 
were originally described as conducting miscellaneous geophysical 
studies. Years later, they were specifically identified as the test 
beds of electro-technical systems to guarantee the orientation and 
stabilization of weather satellites, and as a means for testing power 
supplies using solar cell batteries. The results of thesp tests were 
incorporated in Kos.nos 122 and subsequent pay loads of that series. 
A drawing of Kosmos 23 is given in figure 43. 

KOSMOS 4, 7, 9, 15, 45, 66, AND 92 

These fiights were essentially part of the military observation re- 
coverable payload series, but il was revealed later that they carried 
supplemental exp'jriments to aid in the development of weather 
satellites. Kosmo'j 4, launched on Ap- il 26, 1962, was the first re- 
coverable payloaJ in the Kosmos series and was the first satellite 
to carry out experimental television of cloud cover. Kosmos 7 and 
15, launcheH on July 28, 1962, and April 22, 1963, were cited in the 
announcement greeting the launch of the 400th Kosmos as making 
measurements of the Earth's radiation belt in the region of tho 
South Atlantic Magnetic Anomaly and later to have also carried 
meteorological sensors, as was Kosmos 9, launched on September 
27, 1%2. 

Kosmos 45, 65, and 92 were launched September 13, 1964; April 
17, 1964; and October 16, 1965; respectively. Each measured the 
energy distribution in the Earth's thermal radiation with diffrac- 
tion-scanning spectropnotometers, and semiconductor bolometers as 
infrared senso/s. Photometric determinations of the cloud cover 
were made along with measurements of scattered solar ultraviolet 
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radiation. Those rusultH, too, were employed in developing Kosmos 
122 and subsequent ttighta of that series. 



There four flights have never been described as to mission by the 
Russians, but they flew so nearly the orbit of Kosmos 122 that it 
must be presumed that they were precursors to the weather satel- 
lite series. Either they were to test the basic hardware alone, or 
they also carried weather cameras for TV and infrnred detection, 
which failed to function. These flights were launched on August 28, 
1964; February 26, 1965; December 17, 1965; and May 11, 1966. All 
four were in circular orbits approximately 640 kilometers in alti- 



The Announced Weather Satellites of the Kosmos Series 



' Kosmos 122 was launched on June 25, 1966, though without an 
announced specific mission at the time. The Soviet Union and the 
United States already had an agreement to exchange pictures gath- 
ered by weather satellite over the so-called Cold Line between 
Moscow and Suitland, MD. For some months, no satellite data were 
transmitted over the line because reciprocity was the rule and 
there were no Soviet pictures forthcoming to match those of the 
U.S. TIROS series. „ . 

However, aftev some months during which the Russians appar- 
ently experimented with this payload, they finally acknowledged 
that it was a weather satellite.«« For a few weeks, then, pictures 
on a selective basis were transmitted to the United States over the 
Cold Line with reciprocity on the part of the United States. The 
pictures received in the United States by cable were not of good 
quality, and they arrived too late for real-time use in weather pre- 
diction. Part of the trouble lay in the inadequacy of the cable link, 
but slow Soviet processing in Moscow also seems to have been a 
factor. The pictures ceased coming after a few weeks, strongly sug- 
gesting that the payload instrumentation had had only a short 
life.'"" This flight was the last one of its series flown from Tyura- 
tam with an A-1 vehicle at a 65" inclination. 

Although Kosmos 122 was not very successful as a long-term-use 
operational device, it pioneered some important techniques in 
weather reporting, more nearly matching in concept the complex 
U.S. Nimbus series rather *han the smaller and simpler original 
U.S. Tiros type. 

Iiistrurtumtation 

Kosmos 122 carried instruments for a television survey of the 
cloud cove:, other cameras foi- the infrared survey of clouds by day 
and night, and further instruments for measuring the radiation of 
the Earth s atmosphere. The instrumentation of Kosmos 122 made 
use of the 8 to 12 micron window of transparency for its day and 
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night scanning of infrared. Ordinary television was used for day- 
time cloud cover pictures, and for measuring limits of ice fields in 
the absence of clouds. The downward intensity of radiation was 
measured in three bands. Measurements in the 0.3 to 3 micron 
range (visible light and lower infrared) made it possible to measure 
the intensity of reflected radiation, about 70 to 80 percent from 
clouds, most of the rest from oceans. Studies in the 8 to 12 micron 
band made it possible to estimate the temperature of the Earth or 
of clouds visible from the atmojiphere into space. Data from the sat- 
ellite were processed through a computer on Earth with appropri- 
ate allowance for the position of the satellite to derive radiation in- 
tensity maps of the Earth. It was made clear that Kosmos 122 was 
still experimental and reported data for only parts of its total 
orbit. (Kosmos 122 is shown in figure 43.) 




FuiUKK 4U.— Kosnjos 23. 122. and 149 Satellites 

Payload appearance 

When pictures of Kosmos 122 were released, it was revealed to 
be a fairly large cylinder, perhaps 1.5 meters in diameter and 5 
meters long, and extending from opposite sides were two large 
solar panels of three segments each. It was three-axis stabilized 
with fly wheels driven by electric motors; it could tilt the panels to 
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collect the maximum amount of solar energy; and it wcs pomted 
vertically toward the Earth in order to have its cameras properly 
aligned. A long arm carried a steerable groundplane antenna to 
return data to Earth. A more complete description will be given 
shortly,/^ it is apparent that the later operational system uses^s- 
sentialo^ the same design. 



KOSMOS 144 



This was the first launch of a weather satellite from Plesetsk, 
and came on February 28, 1967. With this launch the Russians 
began placing the satellites of this configuration in circular 660 kil- 
ometer orbits at an inclination of 81*, using the A-1 vehicle. (Today 
these satellites are placed in an even higher orbit 900 kilometers 
above the Earth.) Kosmos 144 represented, an improvement over 
Kosmos ?.22 in that the solar cell arrays are even larger, arranged 
on four folding panels to a side instead of three. The more extreme 
inclination of the orbit to the Equator comes closer to giving global 
coverage than did the 65' inclination fiights from Tyuratam. 

A series of important scientific problems having great signifi- , 
cance in the field of space engineering were solved as a result of a 
the development of meteorological satellites. Experience with the 
continuous operation of Kosmos 144, among others, proved that it 
was possible for solar batteries t-^ operate in a stable manner for 
long periods of time in outer s^uce under sharply changing tem- 
peratures causing thermal "shocks." These "shocks" are experi- 
enced when spacecraft pass intd shadow and depart from it.^^^ . 

In a number of respects, Kosmos 144 was an advance over its 
predecessor which had operated only a few months, and then left 
the Soviet Union with no opei ting satellite of this type until 
Kosmos 144 appeared. The newer satellite operiited continuously 
instead of intermittently. The television system was described as 
having a resolution of several kilometers, for purposes of defining 
cloud formations. It still left unsolved a Soviet goal of investigating 
the vertical temperature profile of the atmosphere and other un- 
spcciflsd t&sks* 

Kosmos 144 was specifically described as equipped with two tele- 
vision cameras, an infrared sensor, a radiation sensor, and a mag- ^ 
netometer. Its picture revealed essentially the same structure as 
Kosmos 122: a main cylindrical body, with a ^Sun-sensor at the 
upper end. On the opposite sides were the large four-segment 
panels covered with solar cells for power supply. At the bottom was 
a complex smaller cylinder containing the two downward pointing 
television cameras, the orbital control devices, the radio antennas, 
the senors for infrared, magnetic data, and actinonietric data. Tele- 
vision camera resolution was described as three times that of the 
ESSA scuiilites orbited by the United States. The television cam- 
eras switched on automatically any time the Sun was more than 5 
above the horizon. Because Earth illumination varied so much, 
automatic sensors adjusted the camera apertures to produce high- 
quality photographs under varied lighting conditions. The picture 
width of the areas covered by each sweep of the satellite was 1,000 
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kilometers on the Hurt'acu of the Earth. The infrared equipment 
performed a scanning motion perpendicular to the flight plane of 
the satellite, covering a belt of 1,10& kilometers in width. The heat 
radiation detected was converted electronically into signals propor- 
tional to the intensity of the radiated flux and recorded for later 
playback. In addition to the several scanning instruments, two 
other wide-angle cameras covered the entire disk of the Earth visi- 
ble from the satellite. On completion of each 96-minute orbit, the 
entire load of data was dumped to a receiving and processing sta- 
tion in the Soviet Union, clearing the tapes for storing of fresh 
data from the next orbit. 
Kosmos 144 remained in operation for more than a year.^^"* 

^ KOSMOS 156, 184, 206, AND 226 

Kosmos 15G was launched on April 27, 1967, and seems to have 
' been a close repeat of the still functioning Kosmos 144, but so 
timed and phased as to extend the coverage of weather reporting 
over more liours of the day when operating with its predecessor. 

Kosmos 184 was launched on October 24, 1967, possibly because 
of a deterioration in the H^uality or even failure of data from 
Kosmos lo(). It had the same characteristic^ as the others of this 
group. 

Launched on March -14, 1968, Kosmos 206 represented a further 
continuation of the same series and may have rexlected deteriora- 
tion in data from Kosmos 184. Kosmos 226 was the last Kosmos 
named satellite specifically identified close to the time of launch as 
an operational Weather satellite, and was in the same series as its 
predecessorsv Collectively, all of them were referred to as the ex- 
perimental phase of the Meteor system. 

The Meteor System of Weather Reporting 

In April of 1967, the Congress of the World Meteorological Orga- 
nization met in Geneva, Switzerland. Over 300 scientists from 129 
countries discussed a world weather service. Although the meeting 
coincided with the flights of Kosmos 144 and Kosmos 156, the Rus- 
sians waited 2 months before revealing the operational status of 
their new **Meteor" system of weather reporting. 

Even this delayed announcement of the operational Meteor 
sj^stetn was later qualified to be referred to as interim in nature. 
Satellite instrumentation descriptions, although generally compati- 
ble, vary slightly from year to year. Thus, when fui*ther details of 
the satellites were supplied in the papers prepared for the 1968 
Vienna n^eetings on peaceful uses of outer space, the television 
camera resolution was described as 1,200 meters, and the two tele- 
vision cameras were described as each covering a path 1,000 kilo- 
meteis wide, with slightly overlapping fields. The control stabiliza- 
tion system was termed unique. As previously mentioned, stability 
was maintained Ify fiywheels driven by electric motors. The kinetic 
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onergy of these flywheolH wan dampened by using electromagnets 
on board the spacecraft ' interacting with the magnetic field of 
Earth. (This has also been used in som^.S. spacecraft.) 

Th^ Meteor system includes: (1) artificial Earth satellites, (2) a 
regular prediction service, t3) stations for reception and processing 
of data, and (4) service for the control and operation of the on; 
board systems and their regulation. 

Thk Fully Opkrational Meteor Satellites 

The Russians tested individual pomponents of weather satellites 
in the Kosmos program with a variety of payloads and orbits, cul- 
minating in Kosmos 122. The third stage of the program involved 
the interim introduction of the Meteor system with the referenced 
flights from Kosmos 144 through 226, all launched at Plesetsk. 

Yet, the U.S.S.R. did not sign il the completely operational status 
of the Meteor system until 196'. > when it began naming certain sat- 
ellites Meteor, without further designations by number. (Western- 
ers, foi convenience, add numbers to the Meteor name.) 

A second generation satellite, designated Meteor 2, was launched 
on July 11, 197.5. Following this, six more first generation satellites 
flew under the Meteor designation— five before the second Meteor 
2 appeared in January 1977. The 28th satellite with the Meteor 
designation marked the introduction of a Sun-synchronous orbit for 
a Soviet satellite. Two more Meteor satellites have subsequently 
flown such retrograde orbits. 

RECORD OF meteor LAUNCHES 

Table 34 which follows is a summary of the main sequence of 
similar payloads. 

TABLE 34.-METE0R AND RELATED KOSMOS WEATHER SATELLITES 



Uuncndate Koyno$ 



135« 




Aug 28.. 


44 


1965 




Feb ?6 


58 


Dec 17 


100 


1966 




May 11 . 


118. 


June 25 


122 


1967 




Feb 28 


U4 


Apr 27 


156 


Oct 24 


184 


1968 




Mar U 


206 


iuni? 12 


226 


1969 




Mar 2/ 





Uunch site 
n PI 


Apogee 


Peftgee 


Inclina- 
tion 


Pefiod 


Remarks 


X 




860 


618 


65 


99.5 


Precursor. 


X 




659 


581 


65 


96.8 


Test Meteor. 


X 




650 


650 


65 


97.7 


Oo. 


X 




640 


640 


65 


97.1 


Developmental Meteor. 


X 




625 


625 


65 


97.1 


first announced Meteor. 




X 


625 


625 


812 


96 9 Early Meteor. 




X 


630 


630 


81.2 


97 


Do. 




X 


635 


635 


82.2 


97.1 


Operatkina} Meteor. 




X 


630 


630 


81 


97 


Do. 




X 


650 


603 


81.2 


96.9 


Do. 




X 


713 


644 


812 


97.9 


First under Meteor name. 



'««Sef Space Exploration and Applications, issued by the United Nations, covering the meet- 
ings of^ug 14-'27.M96X. at Vienna Austria A/CONF. 34/2. Vol. 1 of the original [anguage of 
the participants. The papers were made available in mimeograph form as early as the previous 
April. 
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TABLE 34.-~.METtOR AND RELATED KOSMOS WEATHER SATELUTES-Continued 



Uunchcbti Kosmos 



I-tow I-ht^ 2-Nch l-fitro TT 



1 yii 
rl 


Aw* 


PlflfM 


IncKna- 

tiOA 


■ 


X 


690 


630 


81.2 


97.7 




\ 






96.4 


X 


643 


555 


81.2 


X 


736 


637 


81.2 


98.1 


X 


906 


863 


81.2 


102 First operating \w 900 km ort)it. 


X 


674 


633 


81.2 


97.5 


X 


679 


630 


81.2 


97.6 


X 


646 


620 


81.2 


97.2 


X 


650 


618 


81.2 


97.3 


X 


905 


880 


81.2 


102.7 


X 


903 


878 


81.2 


102.6 


X 


929 


897 


81.2 


103 


X 


904 


893 


81.2 


102.6 


X 


903 


882 


81.2 


102.6 


X 


909 


867 


81.2 


102.5 


X 


906 


853 


81.2 


102.2 


X 


907 


877 


81.2 


102.6 


X 


905 


877 


81.2 


102.6 


X 


917 


855 


81.2 


102.5 


.X 


910 


861 


81.2 


102.4 


X 


906 


877 


81.2 


102.6 


X 


903 


872 


81.3 


102.5 First Meteor 2. 


X 


918 


867 


81.2 


102.3 


X 


913 


857 


81.3 


102.4 


X 


906 


863 


812 


102.3 


X 


908 


866 


81.2 


102.4 


X 


904 


871 


81.3 


102.5 


X 


932 


830 


81.3 


103 


X 


909 


869 


81.2 


102.5 




685 


602 


98 


97.5 First retrograde Sun-synchronous. 


X 


906 


872 


81.2 


102.5 


X 


908 


848 


81.2 


102.2 Possible Meteor 2 failure. 




656 


628 


98 


97.4 


X 


908 


857 


81.2 


102.3 


X 


904 


877 


81.2 


102.6 




678 


589 


98 


97.3 


X 


906 


868 


81.2 


102.4 



Oct 6 2 

1970- 

Mir. 17 3 

Apr. 28 4 

June 23 5 

Oct. 15 6 

1971: 

Jan. 20 7 

Apr 17 8 

July 16 9 

Dec. 29 10.. 

1972; 

Mar. 30 11 

June 30 12 

Oct. 26 13 

1973: 

Mar 20 14 

May 29 15 

1974. 

Mar 5 16 

Apr. 24 17 

July 9 18 

Oct. 28 19 

Dec. 17 20 

1975: 

Apr . 1 21 

July 11 1 

Sept. 18 , 22 

Dec. 25 23 

1976- 

Apr. 7 24 

May 15 25 

Oct. 15 26 

1977: 

Jan 7 2 

Aprs 27 

June 29 28. 

Dec. U 3 

1978- 

Dec. 23.. 1066 ■ ■■ 

1979- 

Jan 5 29 . 

Mar I 4 

Oct 31 5 

1980 

June 18 30. 

Sept. 9 6 



] The tiM m Jit id«ntitiabie Sowt wuttw raportmi sateitu UuncM on the A-l ciiss veWe. mostly under the Melwf UW. with wm 

mth a furSS^bfeiWwni oT ttie mm (1) among the to*ef ortut wv**. ^ ^ ^^^^^^^ «^ 

3 Launch srtes « indicitrt wrth jn X in the cohmw for Tyuratjm {IT) and Iw^P^jetsfc (Pt . ...... _ , ..^^ 

4 OrtSi SflSits Iff IS mnouncri by Tiss. « lutonetirs for dirys .^Z^^^^i JSL"^^ ^ 

5 Vmtn M\ incfiasmi number of otfw A-1 lunched Hifhts « ortrts very sSwiar tolhe oriilni^ Hwer ortit Meteor ftihti Some 4«*^ 
J\m mJlilSr^\m\^ miy hive not been iocludib « tha UWe because they sum a belter fit for i Ute lewfation mAtari limt 
ferret msnr\ program 

Sources A^ ill of pt 1. Tass mnouncements 

Meteor 1 was announced a day after launch as a weather satel- 
lite, and given a description indistinguishable from its Kosmoa 
predecessors. The speedy identification of its mission was notable. 
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It was describaJ' as r(j|M)rtinf{ on cloudiness, snow and ice cover 
both day and night and on radiation by the Earth and atmos- 
phere.'"' 

The meteorological satellite program of the U.S.S.R. was summa- 
rized in 1977 in a publication of the world Meteorological Organiza- 
tion.""* Four systems were reported: (1) "Meteor," the original 
operational meteorological satellite system, (2) "Meteor-2," an im- 
proved operational system, (3) "Meteor," experimental meteorologi- 
cal satellites, and (4) geostationary operational meteorological sat- 
ellites [GOMS]. In all cases the organization responsible for carry- 
ing out the programs was named as the Central Administration of 
the Hydrometeorological Service with the Council of Ministers of 
the U.S.S.R., and the State Research center for the Study of the 
Environment and Natural Resources was named as the organiza- 
tion operating the system. These will be considered in the following 
sections. 



The original operational system operated with satellites named 
"Meteor"-!, 2, 3, etc., but specifically excluded the 18th, 25th and 
28th Meteors. Twenty-five satellites were reported to have been 
launched to the date of the summary and the schedule for further 
work announced that it was planned to complete the program in 
1978. In any event, no further launches were made in this series. 
The 28th Meteor was th3 first of three Sun-synchronous retrograde 
launches from Tyuratam. Although the orbit was stated to be near- 
polar at a height of 900 km with an inclination of 81' and a period 
of revolution of 102 minutes, this Uid not take into account the 
early launches with the lower periods close to 97.3 minutes. The 
5th Meteor was the first to operate in the 102 minute orbit which 
did not become standard until the launch of the 10th Meteor at the 
end of 1971. 



obtain operational data relating to the global distribution o** cloud, 
ice and snow cover, radiation temperature of the underlying sur- 
face and height of cloud tops. The sensory equipment consisted of 
television cameras, an infrared scanning radiometer, and a three- 
channel scanning radiometer. Data were transmitted to only three 
receiving points: Moscow, Novosibirsk and Kharbarovsk. Although 
no mention is made of an automatic picture transmission [APT] 
system. Meteor 10 was the first to carry such a svstem. 

Details of the construction of the Meteor satellite were given by 
Engineer Marina Marchenko.'»° There are two separately sealed 
compartments; the instrument compartment, situated in the lower 
part, containing meteorological instrumentation, and the power- 
plant compartment, housing the radio telemetry system, thermal 
regulation system, and the chemical batteries for the electric 
supply system. The large flat panels of the solar cells, which are 
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deployed after sepuration of the satellite from the last stage of the 
launch vehicle, are attached to the outside of this compartment 
and can be rotated in such a way that they are normal to the inci- 
dent solar radiation, except for periods when the satellite is in the 
Earth's shadow. A drawing of a Meteor satellite is given in figure. 
44. 




FiQURB 44.— Meteor Satellite 



Vhe longitudinal axis of the satellite is, at all times, directed to- 
wards the Earth's center. Stabilization along a second axis perpen- 
dicular to this is maintained by a combined electric flywheel 
system in combination with a magnetic moment drive, making use 
of the Earth*s magnetic field. The orientation of the satellite axis is 
monitored using infrared sensors which operate regardless of 
whether the satellite is over the daylight or nighttime side of the 
Earth. 

There are three types of meteorological instrumentation: televi- 
■1^ sion, infrared, and actinometric. These can operate in cycles of dif- 
fering durations. Switching is accomplished both in accordance 
with a preplanned program and by commands from the control 
center. The data are registered by onboard apparatus with a 
memory and then transmitted to the ground stations of the 
"Meteor" system. 
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The TV equipment iH used in making observations of the 
cloud cover on the daytime side of the Earth. The survey is 
made w^h two cameras, one of which scans the right, and the 
other, tll»Jeft side of a band along the satellite trsgectory. The 
width of tke band scanned by the TV cameras is about 1,000 
km. 

The IR equipment is used for observations of cloud cover tor 
the most part on the nighttime side. It is adjusted for register- 
ing the thermal radiation of clouds or the Earth's surface. The 
range in which the IR apparatus operates (8-12 microns) 
makes it possible to carry out observations on both the day- 
time and nighttime sides of the planet. In these observations a 
band also with a width of about 1,000 km is scanned. 

The TV and IR information together make possible a more 
reliable evaluation of synoptic conditions and the nature of the 
development of atmospheric processes. 

The actinometric apparatus registers the radiation fluxes 
emanating from the Earth in the ranges 0.3-3 microns, 3-30 
microns and 8-12 microns. A band with a width of about 2,500 
km is ''scanned." These observations make it possible to com- 
pute the heat ''budget" of our planet, determine the tempera- 
ture of the land and ocean surface, ascertain the boundaries of 
ice cover, and calculate moisture content in the atmosphere. 
Since the early days of the Meteor program there have been a 
variety of modifications in the Meteor payloads. The Meteor 1-10 
satellite launched on December 29, 1971, was the first Meteor that 
carried APT equipment which is compatible with U.S. APT ground 
receivers. The Meteor 1-10 was also used to test ion-plasma electro- 
ject engines which use solar energy to create thrust by means of 
plasma accelerated in electromagnetic fields. The Russians an- 
nounced that these orbital correction engires were developed to 
guarantee stabilizing capability for flights of long duration.^ 
Also, for the first time, using the orbital correcting engines with 
the stabilizing plasma engines, it was possible to change the orbital 
altitude of the satellite by 16.9 kilometers. The higher orbit allowed 
improved scanning of the Earth's surface and increased the accura- 
cy of the geographic tie-in.^ 

The Meteor 1-8 satellite which was launched on April 17, 1971, 
contained spectrometric apparatus for determining the vertical 
temperature profile of the atmosphere to an altitude of approxi- 
mately 35 kilometers. With this instrument it became possible for 
the Russians to measure the radiation spectrum of a "column" of 
air in the infrared range of electromagnetic waves and to deter- 
mine a vertical cross section of temperature. 

METEOK-2 

The improved operational system operates with satellites in the 
Meteor-2 series, the first of which was launched on July 11» 1975. 
As with the original Meteor series, the Soviets do not give numeri- 
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cal designations ht^yomi thu scries name in the launch announce- 
ments and Western analysts add a serial number for their own con- 
venience. According to the Russians the satellite has improved on- 
board equipment: an experimental optical-mechanical television 
scanning apparatus operating in the visible part of the spectrum 
for obtaining images of cloud cover and the underlying surface, an 
experimental optical-mechanical television scanning apparatus op- 
erating in the infrared portion of the spectrum, and a complex of 
radiometric apparatus intended for continuous observations of 
streams of penetrating radiation in near-Earth space. In addition to 
the scientific apparatus, the satellite carries a precision eleifctrome- 
chanical triaxial system which provides orientation of the satellite 
toward the Earth, an electrical supply system with independent 
solar aiming and tracking for the solar cells, a. radiotelemetry 
system for transmitting to Earth data on the operation of the satel- 
lite service systems, a radio system for precise measurement of or- 
bital parameters, and a radio complex for transmitting scientific 
information to Earth.^^^ A drawing of a Meteor-2 appears as figure 
45. 




Figure 45.-~Met€or 2 Satellite 
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The collection of data was said to be worldwide on an operational 
basis twice daily at times approximating the synoptic hours (0300 
and 1500 Moscow time— 0000 and 1200 G.m.t.). Observations by 
Western amateurs tc^ether with information provided in the 
FAN AS messages (see below) show that this aim has rarely been 
attained for the APT which is switched off periodically when a sat- 
ellite is not over the daylight portion of the Northern Hemisphere. 
Moreover, the low-frequency signals for infrared pictures have not, 
80 far, been received for more than a few weeks following the 
launch of a new satellite. The steady change of local time at which 
one of these satellites is overhead at a given point is the result of 
the choice of a non-Sun-synchronous orbit. This choice may be dic- 
tated by the desire to operate at the 900 km height which may not 
be attainable for the given payload-mass by the A-2 launched ret- 
rograde from TVuratam. Additional aims were to obtain on an 
operational basis, regional data on the distribution of cloud; to 
obtain on an experimental basis, worldwide data on the vertical 
distribution of temperature; and to observe fluxes of penetrating 
radiation in space near to the Earth. 

It was stated that one to two satellites would be launched annu- 
ally, a claim that has been substantiated. The system would 
remain in operation until 1986, but no decision had been made as 



The sensory equipment was described as: 

1. A scanning telephotometer for APT in the visible band of 
the spectrum (0.5-0.7 microns) giving a coverage of 2600 km, 
with a resolution of 2 km; 

2. Television-type scanning equipment in the same spectral 
range giving a coverage of 2200 km with a resolution of 1 kni; 

3. An infrared scanning radiometer (spectral range 8-12 mi- 
crons) giving a coverage of 2600 km with a resolution of 8 km 
in the nadir; 

4. An eight-channel scanning radiometer (spectral ranges 
11,1; 13,33; 13,70; 14,24; 14,43; 14,75; 15,02; 18,70 microns) giving 
a coverage of 1000 km with an angular resolution of 2'— this 
instrument to be installed on only some Meteor-2 satellites; 



5. A penetrating radiometer. 
It is possible that the radiometers may have provided the desired 
twice-daily coverage close to the synoptic hours but there have 
been no reports of reception of Such signals by Western amateurs 
and the transmission frequencies for these signals are not an- 
nounced. 

Full details of the signals for the APT were given and these are 
presented together with those for the experimental meteorological 
satellites in table 35. 

Technical details of the seventh Meteor-2 as given in the FANAS 
message transmitted at 0945 G.m.t on May 26, 1981, are repr^ 
duced below. These are similar to those for the fourth, fifth and 
sixth Meteor-2s but lack reference to the scanning telephotometer 
"APT" TV (0.5-0.7 MKM) which appeared in those three cases. 

START ON MAY 15. 1981. INCLINATION 81.3 GRAD 
20O<) KM COVERAGE. 2 KM RESOLUTION 
RADIOSIGNAL: 




and 
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MODULATIONS 

DEVIATION-PLUS-MINUS 15 KHZ 

LOW FREQUENCY SIGNAL: 

2400 HZ SUBCARRIER PLUS-MINUS 10 PROCENT 

SUBCARRIER MODULATION-AM. "WHITE" LEVEL CORRESTONDS TO AM- 
PLITUDE 

MAXIMUM LINE PHASING SIGNAL IS TRANSMITTED BY 256 HZ SUBCAR- 
RIER 

AMPLITUDE MODULATION, 

I>HASING SIGNAL DURATION IS 90-100 MSEK 

RECORDING: 

INDEX OF COOPERATION -264 
SKAN RATE -120 LINE PER MIN 
SKAN DENSITY -3»8 PER MM 
NUMBER OF GREY LEVELS-NOT LESS THAN 12 
SCAN DIRECriON-FROM RIGHT TO LEFT 
IMAGE LINE SIZF^176 PLUS-MINUS 3 PROCENT 
SCANNING MODE-EQUALLY ALONG THE SPHERid 
IMAGE SCALE -1:12000000 

NEXT FORECAST WILL BE TRANSMITTED 02.06.81 

This information correlates well with that given in table 33, 

TABLE 35.™CHARACTERISTICS OF AUTOMATIC PICTURE TRANSMISSION [APT] SIGNALS FROM SOVIET 

METEOROLOGICAL SATELLITES 



M(teor-2 tfnpriMd opefational system ' Meteor experiment}! system 



Characteristics of radio signals: 

Carrier frwjuency » 137.3 MHz 137.15 MHz. 

Modulation Frequency AmplitiKJe-frequency. 

Deviation ±15 kHz X-. 9.6 kHz. 

Output power of radio trans- Not less than 5 W iiot less than 5 W- 

mitter. 

ChaidCteristics of low-frequency ' — 
signals for television pictures: 

Sul)carri€r frequency 2400 Hz±l5 10 pefcent 2400 Hz. 

Sut)carrier modulation Amplitude with coeffic'ient of modulatkm up to 90 Amplitude, level "white" corre- 

percent, level "white" corresponds to maximum spends to maximum amplitude, 
amplitude. 

Automatic control signals The line phasing signal is transmitted by amplitude 

modulation of the sut)carrier frequency 256 H2 with 
relative instatxiity not worse thnn 5 parts per 
million, intensity of modulation a. rjximately 100 
percent, length of phasing signal 90-100 microsec- 
onds. 

CharactefiSllcs of recording equip- 
ment for television pictures: 

Index of cooperation 264 528. 

Scanning speed 120 line/min 240 line/mln. 

Scanning density 3.8 line/mm 7.6 line/mm. 

Oimensi<4.Qf picture 195x290 mm 195x290 mm. 

Numt)er S^iltoies Not less than 12 Not less than 12. 

Direciion of Scanrll^ Right/left 

Characteristic of kiw-frequefiiK sig> 
nals for infrared pictures: 

Sutxarrier frequency 2400 Hz 

Sulxarrief modulation Amplitude with coefficient of modulation up to 90 

percent, level '-white" corresponds to maximum 
amplittjde. 

Automatic control signals Line phasing signal transmitted bf amplitude modula- 

tk)n of suhcarrier frequency 512 Hz with relative 
instability not worse than 5 parts per miHkxi. 
intensity of modulation approximately 100 percent, 
length of phasing signal 0.15-0.2 seconds. 
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TABLE 35.-CHARACTERISTICS Of AUTOMATIC PICTURE TRANSMISSION [APT] SIGNALS FROM SOVIET 

METEOROLOGICAL fATELLITES-Contlnued 

2: ■ , . 



QwictMistics H racordini tquip- 
m\ for infrared picturis: 

SeMflimspMd 20liM/n*i 

ScaiMini dm«y I 

OlrictiMi o( xmnifli RilM/Wf 

Nufflbir o( tuH-tonts Not Iks thw 9.. 



» MNr 2 *. i timtm m U».4 MHi, fnm te mHA tdKkmtt m ttmsiwicm horn IM»ot-2 No. 5. 

Len Maxim, of Wellington, New Zealand, has observed that the 
Metecr-2 cloud-cover pictures have differing numbers of phasing 
li"-* at their edges, depending on which satellite is transmitting 
the pictures. Meteor.2 Noe. 1 and 2 both had 23 phasing lines. TJe 
third Meteor.2 had -.4 phasing lines and the fourth and fifth both 
had 15. Meteor-2 No. 6 had 11 phasing lines and No. 7 had 13. 
Maxim suggested that, if Kosmoe 1066 was indeed a Meteor failure, 
then the first six satellites could have been built in pairs with 
Kosmos 1066 having 14 phasing lines, but that due possible 
shortcomings (night-visible imagery was promised for Meteor.2 No. 
6), the last two were "one-offs7' No reports of APT imagery from 
Kosmos 1066 have been confirmed. Maxim points out that the re- 
duction in the number of phasing lines increaoes the width of the 

'^^Meteor-2 APT imagery has an analog binary edge-code which 
correlates well with the angle of incidence of solar illumination at 
the subsatellite point."* Reading from left to right, the least sign- 
ficant bit is the firiat of the six bits to be transmitted, as with the 
case of the Morse code telemetry from the second-generation photo- 
reconnaissance satellites (described in chapter 5). Peter Wakelin 
showed that the maximum value of 63 is transmitted when the sub- 
satellite point has a solar elevation of the order of 8, i.e^ it is the 
first value to be transmitted when the satellite leaves eciiMe. 
When the value reaches 10, for solar elevation angles of the order 
of 75, discontinuities occur and the edge-code sometimes disappears 
altogether. A third member of the Kettering Group, Grant Thom- 
son, drew attention to the fact that 64 levels of brightness values, 
or grey scale, are sufficient for most digital imaging techniques and 
are used for recording band 7 date from Landsat s multispectral 
scanners.""* It would therefore seem reasonable to interpret the 
edge-code reading as a measure of the illumination across the scan 
which could be used to assist automatic control of exposure in both 
picture-teking and APT processing regimes. This would explain ob- 
servations of the edge-code suddenly increasing by one unit during 
a decreasing sequence of values. » . m u ir 

A Meteor-2 No. 3 picture, produced in Austin, Texas, by Ken 
Johnson on September 2, 1978, showed a curidus discontinuity with 
successive edge^ode values of 12, 11, 4, 7, 0,\0 at the end of a 
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southbound puHH nt VM\ (l.m.t. (1630 local time). The value four 
was of short duration and the value seven even shorter. Greg Rob- 
erts, in Cape Town, Republic of South Africa, had observed a simi- 
lar sequence (10, 0, 3, 12) at the commencement of a southbound 
pass on March 2, 1978, when the satellite was far to his north. He 
fipt*culated that cortain sensors are switched off for sell-protection 
when the received brightness exceeds a critical maximum value 
and reported that he had frequently observed Meteor-2 No. 2 to 
switch off abruptly in the middle of an overhead pass at lo^al npon • 
when Ihe picture was mostly cloud and therefore very white. This 
phenom.enon was also observed at Kettering on five occasions be- 
tween June 12 and 20, 1978, when signals from the third Meteor-2 ' 
switched off abruptly and then reappeared abruptly after ir.^^rvals 
varying between 3 minutes 14 seconds and 7 minutes 26 seconds. 

An explanation for this, advanced by Wakelin, and supported by 
pictorial evidence, is that brightness changes in received imagery 
coincide with changes in the value of the edge-code. Technicians in 
Bahrain had been trying to clear a **fault" which caused sudden 
changes in picture brightness during passes from the second 
Meteor-2. Wakelin's imagery, received in Dubai, showed similar 
changes and pinpointed the cause residing ifi the satellite. Smaller, 
but more frequent, brightness changes occurred in the Meteor-2 
No. 3 imagery and it would appear that the variable aperture stop 
used in the vidicon to insure uniform brightness was made more 
sensitive after the first two satellites in the series. 

As mentioned earlier in this section, infrared APT signals have 
been observed only in the fir^t few weeks following the launch of a ^ 
new Meteor-2 satellite. These images, transmitted at a scan-rate of 
20 lines per minute as compared with the 120 lines per minute of 
the visible APT, produce very low resolution of cloud cover. Not 
many examples of these have been published. One of the earliest 
was due to Virgil Neher from the first Meteor-2.^ ^« Alan Salmen, 
of lx)wer Hutt, New Zealand, has produced an example of the 
change of visible to infrared APT from the eighth Meteor-2 in June 
1982. Neither of these images approaches the clarity of infrared im- 
agery from the current NOAA satellites. 

Meteor-2 No. 4 was switched off whenever it became near-simul- 
taneous with No. 5. These periods occurred at intervals of 23.6 days 
due to the 0.3 minute difference in their orbital periods. The daily 
difference of 4.2 minutes divided into the 102 minutes orbital 
period gives the 23.6 interval between periods of simultaneity. Such 
inconvenience was avoided by choice of a different transmission 
frequency, 137.4 MHz, for the sixth Meteor-2 and 137.85 MHz for 
Meteor-2 No. 8, although initial transmissions from the latter were 
on 137.3 MHz. 

EXPERIMENTAL METEOR 

Certain satellites, given the "Meteor" designation at launch, 
were identified in the W.M.O. publication as being "experimental.'' 
The launch announcement of Meteor No. 18 stated that^ it was 
"chiefly programmed to collect meteorological information," imply- 
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ing an additional unHpeciried/function, and noted that the scientific 
information was being received at the State Center for Research of 
Environment and Natural Resources as well as the usual Hydrome- 
rteorological Center which features in the standard announce- 
ments. Later, the 25th satellite with the "Meteor" designation 
was also referred to as Meteor-Priroda. (Nature). 

The operational purpose of the expeqinental meteorological sat- 
ellites was defined as: 

1. To obtain multizonal pictures of clouds and of the underly- 
ing surface over limited areas; . 

2. To obtain data relating to the spatial distribution of areas 
of precipitation, the total water-content of cloud, the position 
of the limit of ice cover and the compaptness of the ice; 

3. To obtain data on the exchange of moisture content in the 
atmosphere; 

4. To obtain data on the temperature of the underlying sur- 
face; ^ 

f). To measure reflected radiation and the polarized compo- 
nent of the radiation in order to determine the phase composi- 
tion of the cloud; 

-6. To measure the intensity of fluxes of corpuscular radi- 
ation; and . 
7. To measure radiant heat In the upper atmc^phere. 
As a rule, pictures of the U.S.S.R. and neighboring regions would 
be transmitted from tuese experimental satellites, but the possibili- 
ty of obtaining pictures of any part of the world in daylight hours 
was not precluded. Observations of the Kettering Group and other 
amateurs in the United Kingdom show that the transmitter is 
/Switched off on passes to the west of the European land mass but, 
from time to time, Len Maxim has received imagery from these 
satellites and occasionally this has occurred in the hours of dark- 
ness; when all that is received is a totally black picture with the 
usual nu'taierical edge-code. 

Meteor >18 and Meteor 25 were identified as belonging to this ex- 
perimentaKaystem, as was the first Sun-synchrebous payload, 
Meteor 28. It was stated that a launch during tfie operational 
period of the First GARP Global Experiment [FGGEjSvas planned 
but that the program for further launchings had not been decided. 
Additional Sun-synchronous satellites were lai nched in 1979 and 
1980 and both of these were operational as of December 31, 1980. 
Meteor 18 and Meteor 25 were placed into the 102 minute, 900 km 
circular orbit used by the Meteor-2 satellites. 

The retrograde orbit 

Meteor 28, the third of the experimental Meteor satellites, was 
the first Soviet satellite to be placed into a retrograde orbit by 
being launched on an azimuth at which the Earth's rotation pro- 
vided a velocity component opposing the thrust of the launch vehi- 
cle. At such orbital inclinations greater than 90 the precession of 
the prbital plane about the Earth s axis of rotation due to the equi- 
torial bulge is eastwards. Careful choice of orbital period for a 
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given inclination can pnxiucu u precession rate of 0.986Vday which 
is exactly the same as the precession rate due to the motion of the 
Earth in its orbit around the Sun. Such an orbit is said to be Sun- 
synchronous and satellites in these orbits have the property of 
passing over a given point on the Earth's surface at the same local i 
time throughout the year. This has an important application in the 
fields of Earth resources survey, photographic reconnaissancp and 
meteorology. The United States made use of a Sun-synchronous 
orbit long ago as January 31, 1961, with the launch of the 
U.S.A.F. Samos 2 satellite, and currently uses retrograde Sun-syn- 
chronous orbits for the applications detailed above. 

However, there is a penalty to pay for failing to make use of a 
contribution from the Earth's rotation to assist in orbiting the pay- ^ 
load and even choosing to oppose it. This is a reduction in the pay- 
load-to-orbit capability of the launch vehicle. It is quite possible 
that the reduced capability of the" A-1 launch vehicle in this mode 
is responsible for the choice of the 600 km, 97 minute orbit rather 
than the 900 -km, 102 minute orbit q|^he Meteor-2 satellites. 

Orhit insertion * ' 

Special considerations rule out the use of Plesetsk as a launch . 
site for these retrograde orbits. A southbound launch would take 
the satellite and the spent first stage core and boosters on a course 
passing over populated areas and close to Moscow, whereas a 
northbound launch would be open to misinterpretation as an 
ktack against the United States. Similar consideration might also 
;(apply to a northbound launch from Tyuratmn. The gl*ound-track 
actually adopted with the southbound launch from Tyuratam is 
shown in figure 46. Passing over the mountainous terrain of Iran, 
with the spent stages falling short of the Soviet-Iranian border, it 
passes, across the United Arab Emirates, southbound over the 
Indian Dcean along the east coast of the Malagasi Republic, before 
swinging across Antarctica to pass northbound over the Pacific 
Ocean. 

/ 
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FiuuKE 40.— Initial Ground Track of' Experimental Meteor Satellites Launched into 

Retrograde Orbits 



The Meteor 28 orbit 

Meteor 28 was placed initially into an orbit with a period of 97.46 
minutes at heights ranging betwee^n 600 and 670 km. In this orbit 
the ground-track came close to repeating itself every 4th day after 
59 revolutions but could not be regarded as stabilized. After^S 
months in this orbit the apogee was lowered and the resulting orbit 
between heights of 600 and^66^m had a period of 97.32 minutes. 
Thi3 was ground-track stabilized with repetition of tracks every 5th 
day after 74 revolutions. A study by Anthony Taylor at Kettering 
Boys School showed that the orbital period then decayed naturally 
to 97.29 minutes, by February 25. 1978, causing the 5-day pattern 
to drift eastward at a rate of almost 0.5"" per cycle. Corresponding 
transits were coming some 35 seconds earlier at each cycle. An- 
oihev correction. raisiflfr-fTpogee by only 2 km. stabilized the 
ground-track once more. No further orbital corr^qtions were made. 

Reference to these maneuvers, using a stationary plasma engine 
with an average thrust of 0.2 to 0.25 newtons, which had been 
flight tested during the 1973-74 pepod, was made in a 1981 review 
ajticle. A technique was created and worked out for making opti- 
'mal (with respect to time and energy consumptipn) corrections for 
the purpose of establishing repeated, orbits, in -connection with 
which the developers determined the optimum strategy for alter- 
nating active periods when the correction engines wore turned on 
and passive-ones when orbital measurements were being made. In 
one experiment, a repeating Sun-synchronous-'orbit jjtith a 5-day 
repetition period was established. 

The article went on to say that a matter of considerable interest 
for the solution of remote sensing problems is the establishment of 
not simply a repeated orbit, but one for which the spacecraft passes 
over a given region with a given periodicity. It claimed that in one 
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exiwrirnent, |)oHHi[)ly the sanie as observed by Taylor, this was ac- 
complished with the accuracy of track guidance over the required 
region being 5 to 10 km for a daily repetition period.^'" 

It seems probable that the degradation of the ground-track stabi- 
lization due to natural decay was not considered so disadvanta- 
geous as to warrant the provision of an orbital correction system 
for later missions. No evidence has been found of onboard propul- 
sion in Meteoi;s 29 and 30. One further departure of these two sat- 
ellites from the Meteor 28 mission is that whereas Meteor 28 trans- 
mitted APT during daylight on the northbound pass in the north- 
ern hemisphere, the daylight APT was transferred to the south- 
bound passes of Meteors 29 and 30. These transmissions were not 
continuous and were usually confined to those passes oyer the Eu- 
ropean mainland. The APT imagery shows a better contrast be- 
tween land and water than that from the Meteor-2 satellites. Both 
Meteor 29 and Meteor 30 were still operational at the end of 1980. 

Numerical edge-code 

The AVT imagery from these satellites is accompanied by a four- 
digit numerical edge code of 1 minute frame-duration. The first 
number to be transmitted has been shown to be a time count, 
changing by unity every minute. Then follows a grey-scale step 
wedge and 10 more 4-digit numbers. 

Initially, the time count on Meteor 28 registered 170 minutes 
after standard Moscow time. Observations by G.R. Kennedy, in the 
United Kingdom, reveal that at some time between August 1 and 
September 19, 197(), the onboard clock was corrected and that 
thereafter the count registered minutes after midnight Moscow 
time. 

Shortly after its launch the time count on Meteor 29 registered 
360 minutes after midnight Moscow time (M.T. + 6 hourp). By Janu- 
ary 1981, the time count had been amended as determined from a 
picture produced by Leslie Currington at Welwyn Garden City and 
was registering a 720 minute difference from minutes after mid- 
night, Moscow time, but who is to say this is IvI.T^+12 hours or 
M.T.- 12 hours? 

It would appear that the onboard timers on these satellites 
always need amending after launch. Meteor 30's time count regis- 
tered M.T. + 600 minutes 1 month after launch on a picture pro- 
duced in Wellington by Maxim but was correctly registering min- 
utes after midnight, Moscow time, by December 3, 1980. 

THE FANAS MESSAGE 

On March 8, 1978, the Secretary-General of the World Meteoro- 
logical Organization based in Geneva, Switzerland, wrote to mem- 
bers of the W.M.O at the request of the Permanent Representative 
of the U.S.S.R. with the W.M.O. to inform them that, starting on 
January 15. 1978, the Hydrometeorological Service of the U.S.S.R. 
would transmit over the Global Trunk System orbital data and pre- 
dictions for Meteor 2 satellites in the national code from FANAS 
[Forecast for Ascending Node for Automatic Satellites]. Annexes 
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were enclosed, giving a copy of the text of the FANAS code form 
and an example of the orbital data message for a Meteor-2 satel- 
lite.»»» 

The message is in five sections, the first of which gives informa- 
tion on the satellite s orbital period and longitudinal increment, as 
well as daily data on the ascending node. This takes the form of 
time as hours, minutes and seconds in G.m.t., and longitude in de- 
grees and decimals of a degree in the specified octant of the globe. 
First and last ascending nodes are given for odd numbered days of 
the month and first ascending nodes only for even numbered days. 

The second section in plain language (English) gives information 
on the operating mode of the onboard TV system, the radio fre- 
quency of APT transmissions and allows for the possibilitjf of a 
change in frequency. The third section gives the time in minutes 
and seconds, measured from the ascending node epoch, at which 
the satellite crosses circles of latitude at 10' intervals. It has 
become customary to provide information only for the part of the 
orbit over which the TV transmitter will be operating. 

The fourth section, which is rarely used, carries, in plain lan- 
guage, an explanation of the content of the FANAS message and 
definitions of the relevant digital groups of the transmitted mes- 
sage. The final section provides information on latitude in degrees 
and decimals of a degree but ignores the hemisphere, longitude in 
degrees and decimals of a degree within the specified octant, and 
height above the Earth's surface (over the Krasovsky ellipsoid) in 
lOtns of a kilometer, for each even minute msafadred from the as- 
cending node epoch. This section may also wOntain nonregular in- 
formation on the operation o'l the onboard set oi instruments, 
changes of operating modes, recommendations, requests, as well as 
the time of transmissions from geosynchronous satellites. 

Code numbers are provided for the countries of the European 
community, Japan, U.S.A., and the U.S.S.R. as launching agencies 
with others held in reserve. Code numbers are also provided for the 
American aTS and NOAA series of satellites in addition to the 
Meteor-2 series of the U.S.S.R. 

These messages are transmitted at 0945 G.m.t. on Tuesday morn- 
ings on radio frequencies of 3.33, 5.14, 7.685, 9.19, and 13.53 MHz. 

METEOR OPERATIONS 

Meteor satellites were described as having a strip 1,000 kilome- 
ters wide within their observation ran^e, while their sensors of ra- 
diation and heat emission cover a territory of 2,500 kilometers. 
Later, the Russians announced that the vision band in the modified 
nieteorolovMcal satellites had been increased by approximately 50 
percent. * ^ ^ 

The data are recorded and stored for relase by radio link when 
the satelites are over Soviet territory. In addition, some satellites 
now carry automatic picture transmission [APT] equipment 
making available real time pictures anywhere within receiving 
range (set^ below). There are three receiving centers for satellite 
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weather information; Moscow, Novosibirsk, and Khabarovsk. Indi- 
vidual satellite pictures are fitted together to create a large photo 
montage of the area under study. These pictures are then relayed 
by phototelegram to Soviet and foreign weather services. Accor- 
ing to the Russians, the satellite data are not only used by the 
Soviet Hydrometeorological Service, but are also instantly relayed 
to the World Meteorological Service. ^'-^^ 

The Russians continuously stress the benefits derived from 
weather satellites. Meteorological satellites provide information on 
clouds, ice cover, and atmospheric radiation. They permit the study 
of weather fronts and jet stream currents. One article describes the 
assistance provided by the Meteor satellites during the towing of 
an unweildy floating drydock from Klaypeda around the Cape of 
Good Hope to Vladivostok. The typhoon Juliette threatened to sink 
the heavily listing drydock, but weather reports from space gave 
information on the center of the storm and its direction of move- 
ment so that a new course could be chosen which sa^^ed the dry- 
dock aiid its tugs. 

Warnings to populated places of approaching tropical storms 
have saved many lives. Accurate satellite weather reports have re- 
sulted in economic savings as well. The ability to choose optimal 
routes has meant a sailing time savings of 5 to 7 percent for ocean- 
going ships. n estimated that the use of satellite informa- 
tion by the Soviet marine fleet alone provides an annual saving of 
over one million rubles. Civil air transports have also benefited 
from more accurate and timely weather data, particularly informa- 
tion on cloud cover. 

The period of navigation along the Arctic route has been consid- 
erably extended with the assistance of satellite data on polar ice 
conditions. The Russians have published an ice map of the Antarc- 
tic in the Moscow journal Zemlya i Vselenaya (The Earth and the 
Universe). The map was drawn as a result of an experiment in 
which the ice boundaries were determined simulatenously by infor- 
mation from two satellites employing two different methods of data 
collection: a satellite in the Kosmos series measuring the thermal 
radiofrequency radiation of the Earth in the microwave band, and 
a Meteor satellite scanning the Earth with a television camera. 
The two maps compared favorably. However, the Russians conclud- 
ed that data obtained from measuring the Earth s radiation en- 
joyed certain advantages. The Earth^s atomsphere is virtually 
transparent to radio waves; neither clouds nor percipitation can 
block radio waves. 

There are three receiving centers for satellite weather informa- 
tion: Mos<!Ow. Novosibirsk, and Kharbarovsk (135.10° E, 48.33° N). 
Four downlink frequencies for four separate satellites are given in 
the I.F.R.B. publication used as the source for table 4-1: 461.5, 
464.0. 466.5, and 469.0 MHz. The satellites are merely referred to as 
URS 1 through 4. A block diagram for the receiving centers was 
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published in the National i^nper to the Second United Nations CJon- 
ference on the Exploration and Peaceful Uses of Outer Space, 
The antenna, driven automatically via the motion program unit 
and automatic tracking unit, feeds the received signal to the receiv- 
ing unit. This is coupled to the relay link transmitter through a 
data transducer. Signals from the timer are fed simultaneously to 
the relay link transmitter and the motion program unit. Signals 
from the relay link receiver are fed simultaneously to a memory 
unit and a channel divider. Here, the data is sent to the main 
frame computer and the photorecorder. Input from the ground- 
based instruction metering Complex is also fed to the photorecorder 
giving information on orbit and. vehicle. attitude and the frame and 
geographic location data. Output from the photorecorder is in the 
form of processed photographic images. These are sent to the mete- 
orological data processing center together with direct computer 
output and printed tables and files. 

The same report claimed that the '*Meteor-2" system constantly 
provided twice-a-day information on cloud distribution and ice and 
snow cover over the Earth as TV images in the visible and infrared 
band; twice-a-day global data on temperature fields and cloudtop 
heights, as weU as over water surfaces; twice-a-day global informa- 
tion on the radiation situation in near-Earth space; and two- or 
three-times-a-day TV images of cloud, ice and snow coveis in areas 
of () to 7 square kilometer^ each, being received in any region of 
the Earth at self-contained receiving points. This latter information 
could be received all over the world since the radio-link frequency 
is international and image formats are similar to those transmitted 
by American satellites (referred to as APT in the foregoing sec- 
tions), 

The report went on to list trends which were envisaged for the 
system in the period up to 1985. These were an increase in the or- 
bital altitude to ensure complete coverage of the Earth's surface in 
the equatorial zone; the introduction of torque motors to synchro- 
nize the three vehicle system and to increase its efficiency; the in- 
troduction of improved, higher resoluton infrared equipment with 
direct transmission for local coverage [APT]; and execution of ex- 
periments and introduction of microwave equipment (super high 
frequency, SHF) into the sensor complex to perform all-weather ob- 
servations of ice and snow cover and to determine the cloud mois- 
ture content.*''" 

A 1979 article describing the **Meteor" system gave greater 
detail of the output products from the Meteor-2 satellites. The APT 
scanning telephotometer operating in the visible region of the spec- 
trum from 0.5 to 0.7 microns, with a width of field-of-view of 2,100 
km and a resolution of 2 km at the nadir, produced individual pho- 
tographs and photo-mosaics made from the photographs of two to 
three orbits for the region of the receiving station in a radius of up 
to 2.200 km (2 to \i times per 24-hour period). The television-type 
scanner with image-storage capability, also operating in the same 
visible band, and with a 2,200 km width of field-of-view and 1 km 
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resolution at the nudir, uave individual photographs and photo-mo- 
saics from photographs for various regions of the globe (2 to 8 times 
per 24-hour period), and photo-mosaics for the Arctic and Antarctic 
Seas from photographs of the ice cover (once every 5 days). An in- 
frared scanning radiometer, operating in the 8 to 12 micron range, 
also with image-storage capability, and with a 2,600 km width of 
fleld-of-view and 8 km resolution at the nadir, provided global 
photo-mosaics separately for the Northern and Southern Hemi- 
spheres; individual photographs and maps of the radiation temper- 
ature of the Earth's surface and the altitude of the upper boundary 
of the clouds for various regions of the globe (twice per day); and 
the coordinates of tropical cyclones and data on the quantity of the 
clouds at the nodes of a regular grid for the entire globe (twice-a- 
day using images in the visible region of the spectrum). Final^, an 
eight-channel scanning infrared radiometer operating at discrete 
freciuencies within the 11 to 19 micron range, with an angular reso- 
lution of 2'*and a width of field-of-view of 1,000 km, furnished 
global data for the thermal sensing of the atmosphere. 



Like many other nations, the Soviet Union also has vertical 
rocket probe launch facilities for weather reporting purposes. Al- 
though the reports are localized, they provide a rapid respnonse and 
a more complete vertical profile than do satellites. Of particular in- 
terest is the rocket sounding station operated by the U.S.S.R. in 
Antarctica, the world's "weather kitchen." This station is linked by 
radio with its main meteorological station in Moscow. 

A review of information on Soviet metorological rockets in the 
period up to the end of 1966 is to be found in a handbook produced 
by the staff of the Battelle Memorial Institute. It describes the 
MR-1 series rocket, developed and flight-tested in the 1948-50 
period by the Central AerologicaJ Observatorv, exclusively for re- 
searching the upper atmosphere. Some 10 m long with a diameter 
of 0.5 m, it had a mass of around 1 ton including the solid-fuel 
booster section. The payload of mass exceeding 100 kg separated 
from the main bodv at about 70 km with its peak trajectory occur- 
ing between 80 and 100 km. Both nose cone and main-body sections 
were recovered by parachute close to the launch site. 
^ A simple steel launching stand, about 12 m high, permitted MR- 
Is to be launched from portable launching sites and research 
ships. It could be tilted at launch to compensate for the effect of 
cross winds. The position of the rocket in flight was determined by 
use of synchronized cameras with mutually orthogonal optical 
axes. 

MR-^ls were equipped with resistance thermometers for measur- 
ing atmospheric temperature. Four such thermometers were 
mounted in the center section of a thin boom proiecting from the 
top of the nose cone and the temperature of this boom was meas- 
ured bv another thermometer wrapped around it. Four bolometers 
located at the base of the boom measured the intensity of radiant 



»»' Vetlov. I P. Issledovaniye Zemli iz Koemoea. No. 2. 1980. pp. 11-27. uble I. 

Wukelic. G E.. ed. Handbook of Soviet Space-Science Research. N.Y.» Gordon and Breach. 
1980, pp. 6-.7» 137-138. 
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energy affecting tho thernjometer readings. The standard devi- 
ations of temperature measurefhents obtained in this way varied 
from 5 K at heights of up to 40 km to 20 K at heights above 70 km. 
Results were compared with values deducted from pressure meas- 
urements. , . , J. V i. J 

Ptes-sure measurements were made with diaphragm transducers 
sensitive to the range from 760 to 5 mm Hg and two types of Pirani 
(hot-wire) gauges, sensitive to pressure ranges from 5 to 0.1 mm Hg 
and 0.3 to 0.005 mm Hg. _ , 

Atmospheric densities at meteorological rocket altitudes are usu- 
ally computed from measured values of temperature and pressure 
by application of the equation of state. The Soviets also experi- 
mented with direct density measurements using a lithium-ion den- 
sitometer but initial reports indicated that density values obtained 
by this technique exceed accepted values by between 20 and dO per- 

In" the 10-year period from 1957 to 1966 the Soviets launched 
more than 1,000 meteorological rockets, covering a geographic area 
extending from. the Arctic to the Antarctic regions, from ships in 
the Pacific Ocean and Black Sea and bases at Franz Joseph Land 
and Kapustin Yar. With the increased cover available from satel- 
lites of the Meteor and Meteor.2 series, such frequent launches 
became less necessary and sounding rockets were used for determi- 
nation of other parameters of the atmosphere between heights of 
20 to 120 km. , , 

In 1979, a collection of papers relating to the use of the MR-1^ 
geophysical rocket was published by the Order of Labor Ked 
Banner Institute of Applied Geophysics, in Moscow. Measure- 
ments of the Earth's magnetic field and the field of solar radiation 
were used to determine the orientation of the spin-stabilized 
rocket. A magnetometric sensor measured the rate of rotation ot 
the rocket's orientation angles with respect to the direction vector 
of the Earth's magnetic field and an FD-8K photodiode with a 
narrow acceptance angle and time constant of only 0.1 millisecond, 
installed in- the nose cone, measured the angle between the longitu- 
dinal axis of the rocket and the direction of the Sun to within 1,5 . 

The paper dealing with the "Meteorite" radar station for track- 
ine the MR- 12 rockets refers to an analysis of more than 200 
nights which revealed maximum differences between calculated 
and measured values of 0.05° in elevation, 1' in azimuth, and 100 
meters in slant ranges of up to 150 km. SR-184 and SR-185 spec- 
troradiometers, for measuring the brightness of the xiarths upper 
atmosphere, were reported to have been installed on an MR-lzM 
geophysical rocket. MR-12 rockets were also reported to have been 
used for optical sounding of the atmospheric aerosol, submicron 
size particles occurring between 20 and 90 km, by investigating the 
angular pattern of the polarization scattering indices. 

In eight launches between 1972 and 1978, measurements of the 
concentration and distribution, by size, of aerosol particles m the 
atmosphere were made using M-lOO meteorological rockets 
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equipped with photoelectric counters.*^* Currently, Soviet M-lOO 
rockets are launched from the United Nations-sponsored Thumba 
Equatorial Rocket Launching Station in India on the magnetic 
equator (8.55'' N, 76.85'' E). 

Other Weather-Related FuGHTS 

Meteorological data were gathered by other experimental satel- 
lites outside the main series of flights related to the Meteor series 
and their precursors. The chief of these are described in the com- 
mentary to follow. 

MOLNIYA 1-3 AND MOLNIYA 1-4 

At least two and perhaps more of the Molniya 1 communications 
satellites already discussed have carried a television camera in ad* 
dition to their communications relaying equipment. One of the first 
revelations came when it was reported that Molniya 1-3 from a 
height of about 40,000 kilometers had phot(^aphed almost a hemi- 
sphere of Earth, showing that 80 percent of the visible part of the 
P4orthern Hemisphere was cloud covered. A succession of such pic- 
tures during the course of a day was expected to make it possible 
to trace the formation and movement of cyclones, hurricanes, and 
other formations important to weather prediction. This was to sup* 
plement data from regular weather satellites at much lower alti- 
tude. The first picture was taken May 18» 1966.^^^ 

Further details of the system came with the launch of Molniya 
1-4 in October 1966. The television camera system was steerable 
from Earth, and included both wide-angle and narrow-angle lenses, 
together with various Hlters, so that several kinds of observations 
could be made through remote controls from Earth. The purpose, 
again, was to trace synoptic processes transpiring over large re- 
gions of the Northern Hemisphere.^®'' 

KOSMOS 149 AND 320 

Kosmos 149, launched, on March 21, 1967, has already been inen* 
tioned as a small satellite launched from Kapustin Yar with a B-1 
launch vehicle. It represented the first attempt to stabilize a space- 
craft through aerodynamic forces while still in orbit. Four rods at- 
tached a ring-shaped conic section to the main body of the satellite 
where the very thin upper atmosphere between 240 and 300 kilo- 
meters above the Earth stabilized the craft as to pitch and yaw. A 
two-stage gyro gave stability as to roll. Gas jets were used to 
achieve the initial stabilization after separation from the carrier 
rocket, and thereafter no other active devices were required, such 
as gas jets, reaction wheels, orientation sensors, or other attitude 
controls. A drawing of Kosmos 149 appears in figure 43. 

The satellite had two multichannel photometers to scan the 
Earth in two mutually perpendicular directions to determine Earth 
brightness in a narrow region of the spectrum, including the molec- 



^^^Orishich. T.I., and A.V. Cherkaiwv. Koemicheskiye Issiedovaniya. vol 19. No. 4, July- 
August. 1981. pp. 641-645. 

Izvestiyav Moscow. May 20, 1966, p. 6. 
Krasnaya Zvezda, Moscow, Oct. 22, 1966. p. 1. 
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ular absorption band of the visible region. Another instrument was 
a radiation meter in the 8 to 12 micron visibility window to meas- 
ure the radiation temperature to an accuracy of 1 "Celsius. The TV 
system on board measured escaping radiation only in narrow re- 
gions of the spectrum in contrast to the wide spectrum coverage of 
the TV system used in Kosmos 122 and 144. The data returned to 
Earth was concerned with temperature regime of Earth's surface 
and clouds along with quantitative characteristics of the brightness 
of Earth as seen from space. The payload decayed in 17 days. 

Kosmos 320 had the same characteristics of orbit, and remained 
in orbit for 25 days. Similar results were obtained from the second 
flight. 

KOSMOS 243 AND 384 

These satellites were also regular military observation satellites, 
recovered after 11 and 12 days in orbit respectively. But they also 
carried a supplemental scientific payload, designed to explore some 
of the areas of shortcoming of conventional weather satellites. The 
Meteor satellites are unable to penetrate thick cloud cover. Conse- 
quently, for the first time, experiments were carried to study ther- 
mal radiation of the Earth from the atmosphere and surface in the 
8 mm to 8 cm microwave wavelengths. The sensors were oriented 
toward Earth, constituting an automatic radioastronomical observ- 
atory in space. There was also a narrow-band infrared receiver. 

Among the possible measures from such studies are the water 
drop content of cloud, and the foci of precipitation previously ob- 
scured by cloud cover. Further, measuring the water vapor reso- 
nance attenuation of these wavebands against corresponding wave- 
bands permits the determinati/rti of the humidity of air. Also the 
satellite was able to measure^olid ice limits in Antarctica despite 
cloud cover, and to give a profile of Pacific Ocean surface water 
temperature from the Bering Sea to Antarctica.*''* 

The Future of Meteorological Satelutes 

The awarding of the Lenin Prize for 1970 in the field of science 
and technology for work on the Meteor system is indicative of the 
importance the Russians attach to the meteorological satellites, 
which represent a considerable improvement over Earth-based 
weat'.ier reporting techniques. In a single revolution around the 
Eartii a Meteor satellite collects the amount of d.^ta which would 
reqr.ire from 15,000 to 20,000 Earth-based weather stations. The 
Meteor satellites transmit as much data over a period of 24 hours 
as is gathered by all the Earth-based meteorological stations on the 
planet in 6 months.*^" 



Pravdn. Moscow, Jan 21, 1969. p :!. , i r r . u. i. i/ i 

'•""TaKs Moscow, Feb t, 197"), 14;)7 G.mt. This is one of ;ht' facts from the book Kosmos i 
PoKoda (Outer Space and Weatheri published in Leningrad. It is a photogiaphic chronicle of 
Soviet space meteorolot^y The authors are desit^ners of rockets and scientific equipment. They 
have accompanied their text with over 150 color photographs takea from Soviet spacecraft. 
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<;k()SYN(;hhonous (goms) 



The World Meterological Organization [WMO]'s Global Atmos- 
pheric Research Program [GARP] Numerical Experimentation Pro- 
gram adopted simulation techniques to determine objective require- 
ments for a rational planning of observational systems. This was in 
preparation for the First Global GARP Experiment [FGGE], a 1- 
year campaign of measurements, one of the objectives of which was 
to qualify an optimized global observation system to be used as a 
reference by the operational World Weather Watch [WWW] pro- 
gram. 

One of its earliest fmdings was that long-range forecasting would 
be unreliable even at mid latitudes if the Earth's tropical belt were 
not suitably monitored witi^ wind observations. Furthermore, it 
was apparent that correct parameterization of convection in the 
belt of tropical cyclones is essential for the description of the me- 
ridian transfer of energy on the Earth's surface. 

These findings created a demand for the development of geosta- 
tionary sati^llites. It was estimated that a chain of four (possibly 
five) spaced equally round the Equator would satisfy the need for 
wind estimates in the tropics and for surveying convection; two 
(possibly three) polar satellites would complete Earth coverage, pro- 
viding vertical atmospheric temperature and humidity profiles (the 
most essential data at hlji^h and mid latitudes). 

While the need for polar satellites was apparently satisfied by 
the American NOAA satellites and the Soviet Meteor, a large void 
wa^j still to be filled in the field of geostationary spacecraft, the 
only advanced program being the American SMS for two satellites 
over the eastern Pacific and western Atlantic. 

It was eventually agreed that two of the geostationary satellites, 
positioned to provide contiguous weather coverage around the globe 
in tropical and mid latitudes, would be provided bv the United 
States and one each by Japan, the European Spaca-Agency [ESA], 
and the Soviet Union.^*^ 

The 1975 WMO publication, dealing with the WWW, stated the 
operational purpose of the Soviet Geostationary Operational Mete- 
orological Satellite [GOMS] to be: 

1. To obtain data on the distribution of clouds at equatorial 
and middle latitudes on the light and dark sides of the Earth; 

2. To obtain data on wind speed and direction at two or three 
levels; 

3. To collect data from observing platforms (including inter- 
national platforms); and 

4. To disseminate cloud pictures, actual and forecast weather 
charts on a regional and international basis. 

Although it was stated that it was planned to launch a satellite 
in 1 or 2 years' time, this had not taken place at the end of 1980. 
The first GOMS was to have been launched for tests after 1979. 
GOMS would be situated over the Equator at a point approximate- 
ly 70° east in a geostationary orbit at a height of approximately 
:i().000 km. Thrse types of sensory equipment were listed: 



'♦'^ ESA Bulletin. No a. Oct. 1975. pp 52-5:^ 

Aeronautics and Space ileport of the President. 1978 Activities, NASA, 1^79, pp. .59-60. 
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1. Television-type scanning equipment operating in the visi- 
ble band of the spectrum with a resolution of 2 to 4 km; 

2. Infrared scanning equipment operating in the 8 to 12 
micron band with a resolution of about 12 km; and 

3. Transceiver equipment. , , . , 
The data collection system and APT were planned havmg regard 

to the recommendations of the Coordination on Geostationary Me- 
teorological Satellites [CGMS] meetings. 

By 1975, coordination meetings between those contributmg satel- 
lite systems to the FGGE, namely ESA, Japan, the United States 
and the U.S.S.R., were taking place once or twice a year.**' 

In late 1977, the United States was informed that Russia could 
not provide the satellite which was to be located over the Indian 
Ocean. Since the loss of this satellite would have produced a gap m 
data coverage, the United States and ESA were asked to work to- , 
gether to provide for a replacement satellite, In less than a year, 
GOES 1 was moved to 59* E to fill the void (NOAA's designation 
for its Geostationary Operational Environmental Satellites is 
GOES). A data acquisition station was constructed at Villafranca, 
Spain; ESA's Control Center at Darmstadt, Germany, was modified 
to accept GOES data; personnel were provided and trained to oper- 
ate and maintain the GOES system; and a data processing facuity 
was established at the University of Wisconsin. 

By the end of 1978 the fifth satellite system was fully installed, 
tested, and turned over to ESA for operation. 

The F 'GE, organized by the WMO and the International Council 
of SciervifK! Unions [ICSU], began on December 1, 1978, and contin- 
ued until tVe end of November 1979. This ambitious undertaking 
involved nearly 150 countries in a program coordinated by the 
WMO. Taking part were: 9,200 ground-based stations, 7,000 ships, 
80 scheduled aircraft, 5 geostationary satellites, and 4 satellites in 
polar orbit.**" -„ « » 

GOES 1 remained under control of the European Space Agency 
until November 30, 1979. It was then commanded to drift eastward 
at 2' longitude per day. GOES 1 was scheduled to arrive at its des- 
tination of 90"' W during March 1980.'" 

Maps showing the disposition of the five geostationary satellites 
and their zones of coverage depict these zones as ellipses centered 
on the subsatellite points. The ellipses indicate: 10' elevation, com- 
munication range; 20' elevation, useful cloud information; 30 ele- 
vation, 10 knot wind accuracy measurement; 40' elevation, 5 knot 
wind accuracy measurements. Spaced as they were, the satoUites 
provided global coverage only between latitudes 16" N and S for 40 
elevation; 36 N and S for 30 elevation; 50° N and S for 20"' eleva- 
tion; 66" N and S for 10" elevation. This was for the greatest spacing 
of 80" of longitude between GOES 1 and the Japanese GMS 1.'" 



w M O. No. Ill, Geneva. 1975 With aupplements. 
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Aeronautics and Space Report of the President, 1978 Activities. NASA, pp. 59-60. fcSA 
Bulletin, No. Ih, Aug. 1978. p. 59. 

i** Spaceflight, vol 21. No. .5, May 1979, pp. 205-206. 
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««' Illustrated Encyclopedia of Space Technology, Salamander Books, 4981, pp. 102-lUd, 
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At sonuj tiiuv N'twoon October !U and November 20, 1979, the 
following Soviet message was received in New Zealand: 

FOR INFO: 

SOVIET GOMS (GEOSTATIONARY OPERATIONAL METEOROLOGICAL 
SATELLITE) TENTATIVELY SCHEDULED FOR LAUNCH IN DEC. AND 
ASSUMINCi LAUNCH SUCCESSFUL WILL BE POSITIONED NEAR 60 
DEGREES R. SENSORS WILL INCLUDE VISSR TYPE SYSTEM AS 
WKLL AS WEFAX COMPATIBLE SYSTEM AND ffDCS SUBSYSTEM. 

(VISSR ^Visible and Infrared Spin Scan Radiometer; DCS = Data 
Collection System from ground platforms.)^*® Nothing came of this 
and speculation as to the reason why must be left to the reader. 

Plans for GOMS have not been abandoned. The Soviet Union's 
National Paper to the Second United Nations Conference on the 
Exploration and Peaceful Uses of Outer Space states that the 
U.S.S.R. is considering problems of designing operational geosta- 
tionary meteorological satellites [GOMS] equipped with TV systems 
in visible and IR-bands (8 to 12 microns) with resolutions of 1 to 2 
km and 5 to 8 km respectively, as well with the acquisition sys- 
tem.s, transmission of data from data collection platforms and fac- 
simile meteorological information retransmission systems. 

OTHER 

Among future scenarios for Soviet weather reporting is a three-- 
tier system. The orbital altitudes for the three tiers range from sev- 
"^ral hundred to 36,000 kilometers. In the first tier of the weather 
reporting system there would be long-term orbital manned stations 
which would make visual observations of geological and meteriolo- 
gicail phenomena such as tides, landslides, dust and sand storms, 
tsunami, hurricanes and earthquakes. In the second tier Meteor 
satellites would circle the Earth in polar or near-polar orbits at an 
altitude of 1,000 to 1,500 kilometers. Finally, the third tier would 
contain meteorological satellites at an altitude of up to 36,000 kilo- 
meters for continuous observation of the dynamic processes in the 
Earth s atmosphere such as overall air mass circulation. ^"^^ 

Discussions X of the future of the Soviet weather observation 
system include plans for creating a single international network 
for ocean observations by automatic buoys. Information transmit- 
ted from the buoys by radio would be collected by satellites.*^' 

ImpU*mentation of such a program began with the launch of the 
Kosmos 1076. Possibly Kosmos 1025, with similar orbital param- 
eters, was a development flight for the subset. Some analysts be- 
lieve that satellites in this subset perform an electronic intelligence 
(ELINT) gathering role and this is considered in the following 
chapter. Kosmos 1076 was followed by the Interkosmos 20 and 
Kosmos 1151 satellites both with announced oceanographic mis- 
sions. 

The satellites' scientific equipment complex is controlled by a 
special unit that also assigns the working modes for the measuring 
equipment and the system for collecting and transmitting the in- 



Maxim. I> Hrivatr communication to (J E Fi-rrv. Nov. 
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formation from buoys and ships. The latter constitute a system of 
reference points and make direct measurements m the ocean for 
the purpose of monitoring and calibrating the satellites equip- 

™The ^uipment of the satellites regularly collects information ac- 
cumulated by the automatic buoy stations and retransmits it to re- 
ception centers for processing. , 

From 1979 through 1982, the U.S.S.R. conducted the "Ocean ex- 
periment with the Kosmos 1076 and 1151. Observations from the 
satellites made it possible to obtain data on the radiative character- 
istics of the ocean's surface and the atmosphere synchronously, 
over a broad band of electromagnetic radiation frequencies. The 
joint processing of all the data made it possible to increase the ac- 
curacy of the determination of a number of oceanographic and a^ 
mospheric parameters. r. ^ i. • 

The "Ocean" experiment should be regarded as the first step in 
the solution of a finite problem, the realization of which will place 
the problem of studying the ocean and making rational use of its 
resources on a quantitatively new level."" , . u 

A description of the buoys was given by Sagdeyev. "* Each buoy 
consists of two parts. The first part is a standard unified radio ter- 
minal with its own memory; the second is a system of measuring 
instruments, the makeup of which can vary depending upon the 
problems formulated. The satellite plays the role of a central com- 
puter. It collects all the information from the buoys and retrans- 
mits it to a ground station (the matter of processing these data for 
the time being has not been assigned to it). The satellite can carry 
on a dialog with the buoys. It not only receives data from them, ^ Jut 
also sends them commands to change the mode of operation, switch 

to a reserve set, etc. , , . xt. ■ \ i 

Some indication of the importance attached to this work is con- 
veyed by Soviet statements at the time of the twentieth anniversa- 
ry of the introduction of the Kosmos program and at the launch oi 
Interkosmos 20. 

The weather "kitchen" on our planet is its oceans, over 
the expanses of which powerful atmospheric vortices, hur- 
ricanes and typhoons are born, i*" 

The importance of data on water temperature n the 
oceans is indicated by the following example. Th devi- 
ations in the distribution of warm and cold waters in the 
Atlantic Ocean observed in the spring and summer of 197^ 
exerted an influence on the peculiarities of the movement 
of air masses, as a result of which there was a severe 
drought in a number of regions in the central part of the 
U.S.S.R. 

Also being discussed is the problem of launching similar satel- 
lites into orbits with polar inclination and 24-hour revolution pen- 

'"NelepofB.. and Yu. Terekhin. Aviataiya i Kosmonavtika, No. 12, December 1979, pp. 40- 

Nelepo, B.A., et al. Issledovaniye iz Kosmosa. No. 3. May-June 1982. pp. 5-12. 
Sat?deyev. R. Ijtvestiya. Nov. 3. 1979. p. 3. 

Lyndin. A Aviataiya i Kosmonavtika. No. 3, March 1982. pp. 43-44. 
Sagdeyev, R.. idem. 
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. ods to observe the regions situated northward and southward of 
60^ N and S latitudes respectively that cannot be observed from the 
geostationary satellites.**'' Although, at first sight, this might 
seem to have its attractions, it should be remembered that such 
satellites would not remain stationary over the polar regions. Cir- 
cular 24-hour orbits would (provide only two periods of 5 hours 20 
minutes duration each day in which the subsatellite point lies at 
latitudes in excess of 60', one in each hemisphere, although cover- 
age of the polar region would be available for longer periods. Use 
of orbits having eccentricities of 0.74, such as those of Molniya sat- 
ellites, give a period cf 17 hours at latitudes in excess of 50* over 
one of the polar regions and two such satellites would be necessary, 
one for each hemisphere. 



While navigation help from satellites is likely to become a uni- 
versal service for manv classes of ships and aircraft, the early uses 
of such systems have been military, and the sponsorship of flights 
has been military. In the United States, the Transit system was de- 
veloped by and tor the Nayy, becoming an essential element in the 
Polaris submarine and missile system. Later Transit was with- 
drawn from public discussion durmg the period when the U.S. De- 
partment of Defense operated under the greatest restrictions on 
public information. The U.S. system is now declassified and made 
available to civilian users. 

The Soviet navigation system was advertised by the Russians as 
in operation as long ago as 1966 but no Russian satellite was specif- 
ically identified as having such a mission until the launch of 
Kosmos 1000 on March 31, 1978. Although no separate and distinc- 
tive name, such as Meteor and Molniya, has men given to later 
satellites in the series, a model of Kosmos 1000 was diplayed at the 
1979 Paris Air Show at Le Bourget under the dame of Tsikada.^Be- 
cause the Russians also have long range submarine launched mis- 
siles, they probably used their system also to support submarine 
operations, and by now may be using them more widely, as does 
the United States. One is encouraged in this interpretation of how ^ 
Soviet navigation satellites were first used when one notes the Rus- 
sian Yankee class nuclear-powered submarjlnes carry 16 launch 
tubes so closely copying the American Polaris and Poseidon classes. 

Many proposed civil navigation systems discussed in the open lit- 
erature involve an interaction two ways between the ships and air- 
craft being navigated and the satellites in space. Typically, the 
mobile ship or aircraft sends a signal which is received by several 
satellites, and they relay the signal to a /ground computer which 
compares signal differences, computes a position for the mobile 
ship or aircraft, and this position infornuition is relayed back via a 
satellite to the mobile ship or plane. Such navigation systems not 
only have moderate costs for the mobiljb unit but also can serve to 
support traffic control purposes as wel^; 

The early military navigation systems are different in concept 
from the system just described. In. general, it is better for the 
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mobile ship to rerimin radio silent, not' to disclose its position. Sub- 
marines in particular rely upon concearment, atfd at worst want to 
do no" more than stick out of the water aii^jmobtrusive receivmg 
antenna tb pick up satelKte signals. The Transit system has been 
described as consisting of satellites in polar orbit which broadcast 
on 150 MHz and 400 MJIz holding to these frequencies with great 
precision .VThe listening sabmarine or ship measures the Doppler 
shift of signals to determine the relative positions ©f listener and 
satellite. The satellite periodically give an accurate and updated set 
of emph^merides for its own position. Then a computer on the lis- 
'tening vessel combines the Doppler shifts in the harmonic signals 
and the position information on the satellite (fed in by satellite 
ground tracking stations) to calculate the position of the listener. 
This permits accurate locations to within a very few meters. Such a 
-system with its accuracy helps the submarine or other ship to navi- 
gate, and to keep an update on missile target locations. The trade 
press has reported that the same system can be used for tactical 
fire controllers in ground warfare as well. By using satellite navi- 
gation data and the same grids, a fire controller out of view of a 
gun battery can still give directions permitting the very accurate 
placement of artillery rounds on selected targets. 

Although the Russians have not described their system, the same 
compelling circumstances have applied, and observations by Wood 
and Perry of the Kettering Group confirm that they w^ent along the 
same technical route as the Americans.'"^ . ^ .^u 

Whereas the United States developed Transit first for use with 
its Polaris submarines, and then by stages extended the use to 
other naval vessels, and now makes navigation satellite data avail- 
able to merchant ships of any nation willing to acquire the neces- 
sary receiving equipment and computers which permit tae use ot 
the data on satellites, from which ship position may be derived, the 
Soviets have not yet adopted such an open posture. 

Soviet References to Navigation Satellites 

Uonid Sedov stated as early as 1965 that space was already 
being used for communications, weather reporting, and precise 
maps of the world. In January 1966, the new 5-year plan made 
specific reference to uging space for communications, weather re- 
porting, and navigation.* 8° , , ^, • *u * 

Mstislav Keldysh was quoted shortly thereafter as saying that 
"the utilization of satellites and rockets for radio and television 
communications, navigation, and meteorology has been put into op- 
eration " He repeated similar words at a meeting of the boviet 
Academy of Sciences held June 27, 1966. He made similar state- 
ments in April 1967, and in November 1967. 

One of the most explicit references to Soviet navigation satellites 
appeared in 1966 in a magazine article which stated that the preci- 

Wood.CD.. and G.E Perry. Phil. Trans. R. So.. Soc. London A., vol. 294. 1980, pp. aO^-aiT). 
The Btfction of this paper describing the coding of the telemetry is reprinted by permission of the 
Royal Society as the second annex to this chapter. 
' Tass Moscow, Dec. 31. 1965. 1612 G.m.t. 
""Tass, Moscow, Jan. ."), 1966, 1130 G.m.t. 

Pravada, Moscow, Apr. 3, 1966. „ . . n j- « c iac-7 num; n » 
Moscow Radio. Apr. 12, 1967. 1355 G.m.t.; Moscow Radio. Nov. 5. 1967. 0905 G.m.t. 
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8ion of such devices is constantly improving as reference points for 
shipboard and aircraft navigation systems. Coordinates can de- 
termined to an accuracy of 200 meters. A short book devotdd to 
the subject was issued in 1969.*®* o i 

A 1968 broadcast mentioned a proposal for an air and ship riavi- 
gation and traffic control system which would use 24 satellites to 
give complete coverage. There is no positive clue that such a 
system is in the process of being implemented at the present 
time.*** 

Also, a^, mentioned elsewhere in this study, in connection with 
the launch of eight satellites by one launch vehicle on April 25, 
1970, an article in Red Star hinted vaguely at the uses of such mul- 
tiple launchings — for science^ communications, and navigation; 
watching ionospheric processes; and radio astronomy by the inter- 
ferometer technique. This is not sufficiently specific to be conclu- 
sive, for any one of these uses, although today the preponderant 
Western view is that they serve a communications purpose rather 
than forming a navigation system. 

The launch of the 1000th satellite in the Kosmos series on March 
1978, produced a more than usually explicit announcement 
from the TASS News Agency. 

The Kosmos 1000 satellite which wac orbited on March 
31 starts a new direction in the extensive utilization of 
space technology for the national economy. The speciality 
of new satellite is sea navigation. 

Traffic on sea lanes is steadily increeising, and in order 
to ensure safety there is a need for more efficient naviga- 
tional information. 

Traditional coastal services and even global ground sys- 
tems have a number of shortcomings, one of them being 
that they are dependent to a large extent on the weather. 
Navigation by stars, which had been used by seafarers 
since time immemorial, also depends on weather condi- 
tions. 

Space radio beacons open up new horizons, providing the 
opportunity to establish a global all-weather system for 
navigation which will be highly accurate. The satellite con- 
stantly sends out signals of a definite frequency. These are 
received by ship serials and enter an electronic computer 
for processing. 

In >^blishing the coordinates, use is made of the Dopp- 
lor effect. The frequency of the sisals changes because of 
the speed of the satellite. Using these data an ''electronic 
navigator'' can produce navigational information in a con- 
venient form — geographical co-ordinates and precise astro- 
nomical time. This makes it possible to automate ship 
navigation to a very large extent. 



""•^ Nadezhdin. I) Space Science in the Service of Mankind. Sovetskiy Patriot. Moscow. June 
''^*Sivers. A P. unJ Yii I Tarakanov. Kosmos i More. L4?ningrad. Izd-Vo "Sudostroyenyi," 
Moscow Ra'iio. Apr. 1. 1968. UOOG.m.t. 
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Together with Molniya and Meteor satellites which 
ensure trouble-free communications through outer space 
and efficient transmissions of weather reports, navigation 
■satellites will help ..nhance considerably the effectiveness 
of the use of the sea fleet and ensure the safety of naviga- 
tion in all parts of the world ocean. Geodesists and geolo- 
gists, for whom astronomically accurate coordinates are 
also of great importance, have long been dreaming of such 
apparatuses. 

An article explaining in detail how to use the Transit system to 
determine ship position, claimed that when the elevation of the sat- 
ellite from the ship was between 26° and 66°, an accuracy of be- 
tween 60 and 130 meters was attainable, It is worthy of com- 
ment that, as recently as 1975, a Soviet writer was still descnbmg 
the American system. 

Navigation Satellite Systems 

The position of the orbital plane in space relative to the fixed 
stars is specified by the right ascension of the ascending node, R.A., 
or northbound Equator crossing. For satellites in near-circular 
orbits at 1000 km altitude, the rate of change of R.A. remams rea- 
sonably constant over long periods of time, and thus it is possible 
to compute values of R.A. at given epochs from known values of 
R.A. at two widely separated epochs. 

By computing the R. A.s of operational satellites at an epoch close 
to thejaunch-date of a new satellite, it is possible to observe the 
relative orbital plane spacings and note which satellite has the 
same R.A. as the newcomer. It is not unreasonable to assume that 
this satellite has been replaced at the end of its operational life, 
and decoding of radio transmissions given the satellites identity 
number by the Kettering Group since 1976 confirms the assump- 
tion. 

THE FIRST OPERATIONAL SYSTEM 

In 1972. Perry employed the orbital plane spacing technique to 
show that five satellites placed in near-circular orbits at 74 orbital 
inclination with orbital periods close to 105 minutes had their 
planes spaced at 120° intervals, thus giving rudimentary global cov- 
erage by three satellites.*^' Table 36 gives the R.A.s of these satel- 
lites at epochs close to their launch dates. The satellites fall into 
three groups with their R.A.s spaced at 120° intervals. Moreover, it 
will be seen that Kosmos 475 and '18C replaced Kosmos 385 and 
422. The intervals between replacements of 440 and 350 days re- 
spectively point to an operational life of about 1 year. 



Rfffrativnyy Zhurnul "il Astronomiya' Otdel nyy Vypusk. No. S. 197r), S.r.UfiO. 
Perry. Ci E KliKht International. London, vol. U)2, Nov. HO. IS)72. pp. 7««a-7J0. 
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TABLE 36.-OEVELOPMENT OF THE FIRST OPERATIONAL SYSTEM 
(VKun «» Kki el mntn tett m itgrn] 



Kosnws 


385 


422 


465 


47S 


489 


Hi 


284 , 










m 


17 


258 








465 


; 37 


279 


155 






475 


(278) 


159 


■40 


281 




489 


V 


(37) 


278 


m 


39 



THE SECOND OPERATIONAL SYSTEM 

Kosmos 514, launched on Au^^st 16, 1972, differed from these 
five satellites only in having an inclination of 83' instead of 74". In 
1973 it was joined by Kosmos 574 at an orbital plane spacing of 
only 60% followed 3 months later by Kosmos 586 a further 60^ 
away. These were followed at regular intervals by Kosmos 627, 628, 
6(i3 and 689, ail of which were placed into the same orbital planes 
as the first three. Orbital plane spacing analysis dispelled the 
belief, held in some quarters, that Kosmos 628 was an immediate 
replacement for Kosmos 627 which had failed in its mission— their 
planes were 120"" apart. Table 37 shows the replacement sequence 
of this second operational system of navigation satellites. 

TABLE 37.-REPU\CEMENT SEQUENCE OF THE SECOND OPERATIONAL SYSTEM 



c • A e c 



514 

574 

: 586 

62/ 

628 

663 

.. ^ 689 

729 

800 

823 



890 



994 

1027 



A major change occurred on February 3, 1976, with the launch of 
Kosmos 800. Instead of directly replacing Kosmos 663, it was placed 
in a plane separate from that of Kosmos 663 by 180^ This had the 
effect of moving the orbital planes of the second operational system 
away from those of the third system, which had been introduced at 
the end of 1974 and was being extended to a six-satellite system. 

The near-polar inclination of 83*" meant, in effect, that satellites \ 
in orbital planes spaced 180*" apart were virtually in the same or- 
bital plane hv\ traveling m opposite senses. Thus it was only neces* 
sary to cover ^ - arc ot 180° with the orbital planes to achieve com- 
plete global coverage. 
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THK THIRD OPERATIONAL SYSTEM 



Kosmos 700, launched at the end of 1974, did not fit the general 
pattern of replacement for the second operational system, bemg 
offset by 20° from Kosmos 627. Kosmos 726 was also offset from the 
second system and was 120" away from Kosmos 700. The gap in 
this third system was filled by Kosmos 755, placed midway between 
them When Christopher Wood undertook his search for the radio 
transmissions from these satellites, he was unaware of the separate 
systems discovered by P^rry and Ian Wildman at Kettering. Conse- 
quently, he was perturbed to discover two different types of modu- 
lation on 150 MHz which he designated types A and B. Further 
confirmation of the existence of separate systems came from the 
subsequent correlation of type A signals employing frequency-shift 
keying f.s.k., between five sidebands with satellites of the second 
operational system and type B signals employing fs.k. between 
three sidebands with satellites from the third operational 
system.'"* The type B' signals reported in that paper and in annex 
1 to chapter 6 of the 1975 report, Soviet Space Programs, 1971-75, 
were later found to be type B with empty parameter blocks in the 
2d minute of each 2-minute frame. . . „j r 

The launch of Kosmos 778 on November 4, 1975, signalled a fur- 
ther development. Placed midway between Kosmos 726 and 775, it 
marked the growth of the third operational system into a six-satel- 
lite system with orbital planes spaced at 30' intervals. 

Wood's discovery of identity numbers within the telemetry trom 
these satellites eased the problem of determining which satellites 
were really operational and revealed that certain satellites re- 
mained operational for some time after their replacement had been 
launched. This is only to be expected as a replacement would be 
launched before a satellite degraded to the point of failure and not 
after it had failed, unless failure was unpredictable, as was the 
case of Kosmos 1064. ^ nm ■ 

Kosmos 1064 was launched as a replacement for Kosmos yai in 
December 1978.'^^ It failed to circularize its orbit and remained m 
the 99 min elliptical transfer orbit. Nevertheless, it was given the 
identity No. 1 and transmitted data for a time. It was in turn re- 
placed by Kosmos 1072, with identity No. 8, in January 1979 

Despite this failure and subsequent early replacement, Kosmos 
1064 \vas found, by David Wilson of Kent, OH, to be transmitting 
"time only" data during October, November and December 1979. 
Table 38 shows the replacement sequence 9f third operational 
system, which i" "till in use at the time of writing. 

The '<■ '-ty numbers found in bits 19 through 23 of the third 
word . we parameter blocks, transmitted in the second half of 
each mi. te, are not unique and originally related to a particular 
satellite .ly during its operational lifetime. They were then reallo- 
cated to r>'ulacement satellites but, until mid-1979, no replacement 
took the identity number of the satellite it was replacing. Identity 
numbers are given in parentheses following the Kosmos numbers 

in table 36. 



Pfrry. C K. and C U Wood. Journal of tht- British Interplanetary Society , vol. 29, 1976; 
Flight IntJ-rnutional. l/mdon, vol 11.'). Feb. 24. lilTi). p. :'fl;V 
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TABLE 38.-REPUCEMENT SEQUENCE OF THE THIRD OPERATIONAL SYSTEM 



700 (1) 726 ( 2) 

:. ; 755 (3) 



834(8) 



98$ (4) 



789 (5) 



951 (2) 



1089 (5) 



864 (6) 



928 (1) 



1011 (6) 



996 (7) 



1091 (7) 



887 (7) 



991 (5) 



1064 (1) 
1072 (8) 



1225 (2) 1181 (5) 



778 (4) 



971 (3) 



1104 (2) 

1104 (1) 1089 (2) 1011 (3) 1091 (4) 1072 (5) 971 (7) 
1141 (6) 

1104 (1) 1089 (2) 1011 (8) I09I (4) 1072 (5) 971 (7) 
1150(3) 1141(6) 

1104 (1) 1089 (2) 1011 (8) 1091 (7) 1072 (5) " 1141 (6) 
1150 ( 3) 1153 (4) ;. 

1104 (1) 1089 (2) 1150 (3) 1091 (7) 1072 (8) 1141 (6) 
1153 (4) 1181 (5) 

1104 (1) 1089 (7) 1150 (3) 1153 (4) 1072 (8) 1141 (6) 



Complete reallocation of identity numbers occurred at some time 
between August 5 ,and November 16, 1979--probably around the 
time of launch of Kosmos 1141 on October 16, 1979. This led to a 
logical sequency of numbering, from 1 through 6, in orbital-plane 
position round the Equator. Smce then, replacement satellites have 
assumed this logical number and the satellite being replaced has 
been renumbered 7 or 8 for the remainder of its operational life. 

AN OPERATIONAL SYSTEM FOR CIVIL USE 

Kosmos 883 was placed in one of the six groups of the third oper- 
ational system and had its ascending node in the opposite hemi- 
sphere. Although its signal format was type B it carried the identi- 
ty No. 11. Nos. 9 and 10 have never been observed. It was followed 
by Kosmos 926 with an identity No. 12 and ascending node 45° 
away from that of Kosmos 883 in the hemisphere opposite to that 
of the third operational system. All became clear with the launch 
of Kosmos 1000 a further 45° away and No. 13. This was the first 
Kosmos satellite to be specified as performing a navigation mission 
and references to civil usage strongly suggests that satellites with 
identity numbers of 11 and upwards form a civil system. This hy- 
pothesis was strengthened by the launch of Kosmos 1092, No. 14, a 
further 45° away, completing a four-satellite system with orbital 
planes spaced at 45° intervals giving complete global coverage. The 
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development of thin nyHtem is given in table 39. Identity numbers 
are given in parentheses following the Kosmos number. 

Kosmos 1179 has been included because some analysts have been 
tempted to consider its elliptical, 103.6 min., orbit as a failed ele- 
ment of a navsat system. Table 89 shows that it was placed precise- 
ly W out of plane with Kosmos 1168 and this was 15* away from 
Kosmos 1141 in the gap between the third operational system and 
the civil system. We do not consider it to be a failure but rather to 
be carrying out some unspecified mission other than navigation. 

TABLE 39.-DEVEL0PMENT OF THE CIVIL NAVIGATION SATELLITE SYSTEM 

(Values arc RAs oi nctnding node in degrets] 



Kosmos 




926 


1000 


1092 


U68 


883 (11) 


323 










926 (12) 


170 


216 








1000 (13) 


334 


21 


67 






109? (U) 


56 


104 


149 


195 




1168 (11) 


(164). 


213 


257 


303 


168 


(1179) 




171 


214 


261 


125 


1226 (13) 




16 


(59) 


106 


330 



Description of the Kosmos Navigation Satellite 

The first satellites with an orbital inclination of 74'' and orbital 
period of 105 minutes were both reported to be performing scientif- 
ic research related to the ionosph^re.^''^ Kosmos 378 had an el- 
liptical orbit from which it decayed naturally within 2 years. Since 
Kosmos 381 was placed into a near circular orbit only 2 weeks later 
it may be speculated that a similar orbit was intended for Kosmos 
378 but not achieved. A full-scale model of Kosmos 381 was dis- 
played at the 1971 Paris Air Show. This was a cylinder 1.4 meters 
tall and 2.0 meters in diameter. Gravity-gradient stabilization was 
used with the long boom reaching up to the roof of the hall. The 
curved surface was covered with solar cells. Perry ^'^^ speculated 
that the navigation satellites in the Kosmos series would be similar 
in appearance and dimensions. This speculation was substantiated 
when a full-scale model of Kosmos 1000 was displayed in 1979. The 
major modification was an increase in the height-to-diameter ratio. 
The ionospheric probing antennas were also omitted. Figure 47 
shows drawings of the Kosmos 1000 and 381 satellites, not both to 
the same scale. The gravity-gradient stabilization boom is unfurled 
to its full length from the disc-shaped housing mounted in the 
trussed structure attached to the hemispherical end of the inner 
cylinder. 



' ShU'rn, M I. "Investigations of the Upper Atmosphere and Outer Space Conducted in 1970 
in the USSR." itranslated by NASA in 1972). p. 28. 
Soviet News. Jan 12. 1971 
"2 Perry. (J.E. R.A.F. Qy., vol. 18. 1978. p. 278. 
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FiouRR 47.— Kosmoe 331 and 1000 (Tsikada) Satollitea 

EARTH RESOURCES SATELLITES 

Although the Soviet Union had often expressed a definite inter- 
est in Earth resources satellites, at the time of the previous report 
in this series it did not have an operational program and it re- 
mained unclear whether it proposed to create unmanned systems 
for gathering such data on a regular basis or would defer such 
work until an operational manned space station was estab- 
lished.^^^ 

At a scientific conference held in Zvenigorod, near Moscow, the 
problems of studying the Earth from space were discussed. Ck)m- 
menting on this conference. Academician Roald Sagdeyev, director 
of the Space Research Institute in the Societ Academy of Sciences, 
stressed that the main task of the conference was to work out uni- 
fied scientific principles and methods for exploring the Earth s re- 
sources from outer space and for organizing systematic control over 
the environment with the help of artificial satellites. Sagdeyev 
mentioned the international aspects of Earth resources study: man- 



Raleigh. Uni H. Soviet Space Programa. 1971-76. Washington. U.S. Government Printing 
Office. 1976. p. 367. 
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made influfincu on tho environment reaching beyond national bor- 
ders, and the assessment of natural resources from space for the 
developing nations. Although Sagdeyev called for internatior*al co- 
operation for a global Earth resources monitoring system, ther? 
was no mention of immediate plans for an operational system for 
theU.S.S.R.i^* 

However, it war announced at the conference that initial steps 
had been taken to establish a research center, Kaspii,.its purpose 
to develop new methods of using remote sensing to study the natu- 
ral resources of the Caspian region. The conferees were also in- 
formed that plans were underway to build a central scientific insti- 
tution to study the Earth's resources from space. ^'^^ 

Earth Resources Data From Meteor Satellites 

Geologists were among the first to use space photographs. They 
have long used aerial photography for research. However, the max- 
imum area of the Earth's surface that can be photographed at any 
given time from an aircraft is 1,000-2,000 square kilometers. The 
dimensions of geological structures — folds, depressions, and faults 
in- the Earth's crust— are measured in hundreds and thousands of 
kilometers. Such large geological formations can only be seen as a 
whole from space. ^''^ 

Soviet geologist cite numerous geological discoveries resulting 
from the use of space photographs. Images of the Earth from space 
have enabled geologists to see faults which have not been discov- 
ered by ground expeditions. They have also been able to correlate 
such geological anomalies with mineral deposits and increased seis- 
mic activity. Russian scientists also claim that satellite imagery 
led to the discovery of iron at Malyy Khingan and coal in the 
Amurskaya Oblast. * ^ ® 

Geologists in the Soviet Union are now revising existing geologi- 
cal maps. Many regions which earlier had been considered well-ex- 
plored geologically, such as the Urals and the Caucasus, nave ap- 
peared entirely different after a space survey. ^'^^ Thus, a space 
map of a territory comprising 6 million square kilometers has en- 
abled the All-Union Aerogeological Trust to formulate new theories 
about the tectonic structure of the/egion.^®° 

Television pictures taken from Meteor satellites are available for 
the entire Siberian platform and have been used in tectonic studies 
in the western portion of the region.^® ^ Multispectral images from 
Meteor 25 were interpreted to ascertain new geological features of 
the eastern region of the Soviet Union from the Omolon basin to 
the Bering Sea.^"^ 



Tas8, Moscow. Mar. l.'i. 1965. 2015 G.m.t. 
'''^ Tasfi, Moscow, Mar. 10. 1975. 17.57 G m.t. 
'^^ Andronov. I , Pravdn. Moscow, May 25, 1972. p. 3. 

Idem 

'^^ Prushkar. A. High-Altitude View. Izvestiya. Moscow, Aug. 197.5, p. 5. 

Dryukhanov. V. Aerogeologiyn Trust, Orbital Geology. Izvestiya. Moscow, July 25. 1974. p. 

2. 

"*^0p cit.. p. :^ 

Gerasimov. LM.. and V. Yu Luskina. Novosibirsk Tektonika Sibiri. vol. 8. 1980. pp. 102- 

120. 

Fiiatova. NM., et al.. Geotektonika. No. 5. September-October 1980. pp. 105-118. 
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By studying space photographs taken by Meteor 28, on a 
1:5,000,000 scale, and from Salyut 4, researchers at the M.V. Lo- 
monoBOv Moscow State University were able to conclude that the 
presence of gas and oil deposits is strongly correlated with the ex- 
istence of linear structures but not circular ones. The Buzuluks- 
kaya depression, lying mainly within the area bounded by Kuyby- 
shev, Orenburg and Ural'sk was chosen for the study because of 
the exceptional clarity of the landscape features as viewed from 
space, comprehensive geological knowledge about several levels of 
its vertical structures, and the large number of gas and oil deposits 
already discovered there. 

The U.S.S.R. Ministry of Geology is one of the main consumers of 
the widely distributed multispectral imagery produced in the 
Meteor-Pnroda program. According to the estimates of geologists, 
the annual economic effect from the use of multispectral informa- 
tion in detecting and defining more precisely tectonic structures 
and the lineaments of the Earth's crust alone is about ten million 
rubles. Data from photographs have been used to compile space tec- 
tonic maps of the U.S.S.R. on scales of 1:5,000,000 and 1:2,500,000 
that are used as the basis for predicting the presence of useful min- 
erals and determining the overall strategy of prospecting work. 
Data have also been obtained for predicting potential oil-bearing 
and gas-bearing structures in several regions and the confinement 
of gold ore manifestations to areas where annular structures and 
linear faults intersect has been established in one of the eastern re- 
gions of the Soviet Union. According to some estimates, the mone- 
tary savings when territorial geological structures are studied by 
space methods are about three rubles per s'\uare kilometer.*"* 

Using satellite images, agronomists can monitor crop growth 
over large areas. It has also been discovered that with satellite im- 
agery it is possible to detect the degree of moistuic of various types 
of soil— from the most arid desert to irrigated farm land.*®" More 
accurate information on snow cover in the Tien Shaw and Himala- 
ya Mountains has enabled farmers to irrigate crops more effective- 
ly. Space surveys also make possible the study of the formation and 
dessication of intermittent lakes.^"° 

The Russians plan to use Earth resources data from space in a 
variety of fields. Space surveys will be used for estimating crop 
yields and monitoring insect infestation. Forests and large land re- 
serves will be monitored for blights as well as for fires. 

This has now come to pass. Forest management specialists have 
achieved significant results through the use of satellite information 
to detect forest fire nuclei and monitor their propagation. Special 
techniques for using, satellite information for this purpose, as well 
as for the operational evaluation of the weather situation in haz- 
ardous fire periods in areas that are being protected and the orga- 



Trofimov, D M , and B.I. Dmitriyeva. Issledovaniye Zemli iz Koemosa, No. 4, July-August 
19«1, pp. ;i9-».i. 

'"Trifonov. Yu. V.. Issledovaniye Zemli iz KoBtnosa. No. .5. September-October 1981, pp. «- 

20. . r, . 

'»» Vinogradov. B.V.. and A.A. Grigor'yev, Viagooborot V Prirode i Yego Rol v Formir. 
Moscow. Resursov Presn Vod. Stroyizdat, 1973, pp. ■<i04-217. 

'»» Idem. 

Andronov. 1.. op. cit.. p. 3 " . _ . . . 
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nization of the utili^iition of airborne flrefighting facilities, have 
been developed and introduced into operational practice at forest 
conservation establishments. * ^ ® 

The Trifonov paper appears in an issue of Issledovaniye Zemli iz 
Kosmosa devoted entirely to remote sensing. Titles of the papers 
listed below reveal the great extent to which remote sensing tech- 
niques are being used today. The majority of the work is based on 
data provided by the *Tragment" unit installed onboard experi- 
mental Meteor satellites. 

Danube delta dynamics study using satellite photographs. 
Development of shore relief of Gulf of Riga from analyzing 
satellite images. 

Study and mapping of agricultural land use from satellite 
images. 

Mapping of forest vegetation by means of satellite images. 

Study of anthropogenic influence on natural environment 
from multiband scanner image data. 

Study and mapping of erosion relief of Kalach upland from 
multiband scanner images. 

Satellite images obtained by means of Fragment system as 
basis of landscape mapping and physical geographical zoning of 
arid lands. 

Earlier papers in the same issue deal comprehensively with the 
design of the satellites and their onboard instrumentation includ- 
ing the Fragment multizonal scanning system. This consists of 
an optico-mechanical scanning unit with calibration devices^ a 
system of photo-receivers with a fiber-optics collector, and analog- 
to-digital converter, synchronization, commutation and multiplex- 
ing devices, and a digital radio transmission unit operating in the 1 
GHz band. The system measures the spectral energy brightness of 
natural formations in eight spectral bands with differing degrees of 
accuracy, using onboard calibrating and standard light sources 
during the measurements. Wavelengths of the eight bands are 0.4- 
0.8, 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.7-1.1, 1.2-1.3, 1.5-1.8, and 2.1-2.4 mi- 
crons giving a resolution of 80 meters at the nadir* from an oper- 
ational height of 650 km. The creation of the Fragment complex 
was assisted bv specialists from Karl Zeiss-Jena in the GDR, who 
developed a^ manufactured a reflecting telescope of 1 meter focal 
length and 24u mm diameter. In addition to the Fragment complex, 
Meteor 30 carried a BIK-E experimental on-board information 
complex cgnsisang of a medium-resolution multizonal scanning 
unit with a tapored optico-mechanical scanner (MSU-SK), operat- 
ing in the 0.5-0.6, 0.6-0.7, 0.7-0.8, and 0.8-1.0 micron bands, and a 
high-resolution multizonal scanning unit with electronic scanning 
using charge-coupled devices (MSU-E), operating in the 0.5-0.7, 
0.7-0.8, and 0.8-1.0 micron bands, an information conversion and 
multiplexing unit, and a digital radio transmission unit operating 
in the 460-470 MHz band. Resolutions of these two units are 170 
and 30 meters respectively. A third complex on Meteor 30 is the 



**** Trifonov. Yu. V.. op. cit. 

Various authors. Issledovaniye Zemli iz Kosmosa. No. 5. September-October 1981. pp. 5- 

Translate! m JPRS L/ 10266. U.S.S R. Report. Space. (FOUO 1/82). Jan. 20. 1982, pp. 1-89, and 
JPRS 8ir>o2. U.S.S.R. Report. Space. No. 17, Aug. 17. 1982. pp. 81-88. 
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operational radio and television complex [RTVK] consisting of a du- 
plicated complex of multi^onal optico-mechanical scanning units 
with low (MSU-M) and medium (MSU-S) resolution, memory units 
and two radio systems operating in the meter and decimeter bands 
that are standard equipment on satellites of the Meteor series. The 
MSU-M operates in the 0.5-0.6, 0.6-0.7, 0.7-0.8, and 0.8-1.0 micron 
bands with a 1 km resolution and MSU-S operated in the 0.6-0.7 
and 0.7-1.0 micron bands with a resolution of 240 meters. 

Earlier, it was reported that Meteor 18 carried a microwave po* 
larimeter operating on a wavelength of 80 mm and that Meteor 25 
carried a scanning infrared polarimeter operating in the 1.5-1.9 
and 2.1-2.5 micron bands. 

Design criteria for remote sensing platforms include provisions of 
high dynamic accuracy and temperature stabilization for the place- 
ment of the measuring instruments relative to the optical axes, 
being general-purpose making it possible to install various sets of 
experimental equipment easily, and, above all, suitability for the 
installation of correction engines for the initial setting of* the cor- 
rect orbit and subsequent control of it. The Meteor series space- 
craft possessed all of these requirements to a considerable def^ree, 
both in the first-generation and (particularly) second-generation 
versions, having electrical and radio systems-power supply, orienta- 
tion, thermal regulation, monitoring and programmed-command 
control— highly reliable designs. 

Figure 48 shows drawings of Meteor-Natiire satellites based on 
both generations of Meteor spacecraft, prepared from photographs 
in the U.S.S.R. National Paper referred to previously. 
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FiouM 48.— Meteor-Priroda (Nature) Satellite* 

In order to ensure the maximum coincidence of the spacecraft's 
optical axes as a whole, as determined by its orientation sensors, 
with the optical axes of the instruments, which require precise ori- 
entation on the Earth the latter are placed on a single instrument 
platform. The platform is standardized to a considerable degree, 
making it possible to place different instruments on it. Most of the 
instruments' sensors were placed outside the spacecrafts sealed 
body, making it possible to avoid the use of windows, which would 
reduce the overall useful signal level and distort its spectral compo- 
sition. Tho instruments have their own microclimate. Electronic 
and electrical units, which were not designed for use in open apace, 
were assembled in the form of sealed monolithic units. Instruments 
that were particularly sensitive to vibrations and linear overloads 
arising during the launch phase or to vibrations arising during the 
rotation of inadequately balanced dynamic masses inside the space- 
craft were mounted on special shock absorbers. When it was neces- 
sary to preserve high geometric accuracy, the entire instrument 

Platform holding the sensors was mounted on -shock absorbers, 
roblems of providing nonintersecting fields of view for the sensors 
and the use of stationary transmitting antennas were solved. ft 
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would appear that Mcti'or 18. 2fi, 28 and possibly 29 were based on^ 
the first generation Meteor bus, . 

Second generation buses were used with the introduction ot the 
Fragment system on Meteor 30 and 31. These are distinguished 
from the first-generation buses by possessing increased accuracy of 
triaxial orientation an4 stabilization of the angular velocities, 
which make it possible to employ instruments with optico-wechani- 
cal scanning and local resolution of up to 80 meters, as well as an 
enlarged energy supply system capacity. There are also expanded 
capabilities for automatic timed-programmed control of the process- 
es for obtaining and transmitting information, including control 
ovor the light conditions' and sensitivity levels of the measuring 
equipment. Additional structural configuration and mass-to-s^ze ca- 
pabilities made it possible to install a multiband instrument com- 
plex and several radio telemetry links. A general-purpose automat- 
ic-testing system and technique, using the control computer s hard- 
ware and software, made it possible to carry out ground checks of 
instrumentation performance and ensujre reliable on-orbit oper- 
ation. The adoption of the improved Meteor-2 bus made it possible 
to continue operating the RTVK, which provides low and medium 
resolution multispectral information as APT.^^^ ., ^ , 

The operational purpose, retrograde orbit and some details of the 
telemetry of the experimental Meteor satellites have been Mis- 
cussed earlier in section III.D.4 of this chapter and will not be re- 
peated. The first FANAS for an experimental Meteor satellite Was 
issued for Meteor 30 on June 16, 1981, almost exactly 1 year to the 
day following the launch of that satellite. It is reproduced, as re- 
ceived, below: 

TV SET 2 CONNECTED: 

CHANNEL 2, O.(i-0.7 MKM-EVEN DAYS 

CHANNEL 4, 0.8--1.1 MKM-ODD DAYS . 

LAUNCH IN 1« JUNE 1980, INCLINATION-98 GR 

St^ANNING FOUR CHANNEL TELESPECTROPHOTOMETER 

THE SECOND SET IS SWITCHED ON. ANY FOUR SPECTRAL CHANNELS 

SWATH WIDFH 1800 KM. RESOLUTION IN NADIRE 1 KM 

RADIOSIGNAL: 

TRANSMISSION FREQUENCY-137.15 MHZ 
AMPLITUDE-FREQUENCY MODULATION 
nEVIATION-i).() MHZ 
LOW-FREQUENCY SIGNAL: 

SUBCARRIER FREQUENCY-2400 HZ , , ^^„„r, 

SUBCARRIER MODULATION-AMPLITUDE PEAK AMPLITUDE CORRE- 
SPONDS TO 
WHITE LEVEL 
REGISTRATION: 
INTERFACE INDEX-I^oO 
SCANNING SPEED-240 LINES PER MINUTE 
SCANNING DENSITY-5 LIN./MM 
LINE DiMENSION-161 MM 
NUMBER OF HALF-TONES-NOT LESS THAN 12 
SCANNING: 

fNCLlUTON OfIcAN PLANE FOR THE FIRST SET IS MINUS 4 MINUTES 
FOR THE SECOND ONE-MINUS 19GR^}.")' 
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There would uppuur to be a misprint in the units for deviation 
which should, in fact, he kilohertz, KHZ. 

It will be seen that the spacecraft operated in different modes 
from day to day. Imagery produced by Leslie Currington, at 
Welwyn- Garden City, England, around the time of this FANAS an- 
nouncement revealed that channel 4, transmitted on June 1, lacked 
synchronization lines, whereas these were retained on channel 2, 
causing some difficulty in lining up the facsimile printer. Differ* 
ences in ground detail, particularly in the rendering of snow cover 
on the Alps (better in the visible, channel 2) and the distinction be- 
tween land and water (better in the infra-red, channel 4) are quite 
marked. The density wedge between synchronization was latitude- 
dependent, being more pronouncedly contrasted at 66^ N than 33^ N. 
Depth of modulation differed between chamiels being 85 percent on 
channel 2 and 96 percent on channel 4. 

Manned Fughts Gathering Earth Resources Data 

Although manned spaceflight missons are discussed in great 
detail in part 2 of this study, it is appropriate to consider some of 
the aspects relating to Earth observations in this section. 

SOYUZ 9 

The scientific and organizational principles of aerospace studies 
of physical geography were laid in the Department of Atmospheric 
Physics at Leningrad University. During the period 1968^72 it car- 
ried out fundamental investigations in this field for the first time 
in the^JSoviet Union. First prograihs were drawn up for photograph- 
ing nj^ural formations for manned spaceships, beginning with the 
joint^ight of Soyuz 4 and Soyuz 5 in January 1969. Initial studies 
for me comprehensive interpretation (geological, geomorphological 
and soils-geobotanical) of space photographs taken from Soyuz 3 in 
1968 and subsequent manned spaceflights. The Department ^3vel- 
oped programs and carried out the first subsatellite experiments- 
coordinated ground aerial and space surveys, commencing Wiethe 
**troika'' mission of Soyuz 6, 7 and 8 in 1969 and Soyuz >4n 
1970.*®'* In the course of its 18-day. mission, Soyuz 9 went a long 
way in gathering Earth resources data* both because of the amount 
of time available for such work and because it built upon the more 
limited experience of its predecessors. On the 5th day of the mis- 
sion, Nikolayev and Sevastyanov watched a large tropical storm in 
the Indian Ocean and observed surf on a continental shore. The 
next day they observed forest fires in Africa near Lake Chad. They 
used both black and white and multispectral color film to photo- 
graph the Earth's surface which was expected to throw light on 
problems of identification of different kinds of Earth rock and soil, 
the moisture content of glaciers, the location of schools of fish, and 
estimation of timber reserves. They also made studies of aerosol 
particles in the atmosphere by observing twilight glow. * 



Vinogradov. B V. Vt*stnik Akademii Nauk S.S.S.R. No. 12. 1979. pp. 86-94. 
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Photographs of the Sul'skiy dry steppe region of the Rostovskaya 
Oblast obtained from Soyuz 9 in 1970 were compared with those of 
the same area taken from Salyut 6 in 1978 and revealed numerous 
changes to have occuried over the 8-year period. The structure of 
crop rotation had become more complicated, many fields had been 
subdivided and efforts had been made to overcome monoculture in 
order to preserve soil fertility. New highways had been construct- 
ed, reservoirs had been built, populated places had grown, and the 
extent of virgin land had been reduced. Some fields had been aban- 
doned, mostly due to surface erosion and the surveys made it possi- 
ble to n*. ke a linear forecast of land exploitation up tc 1986.^°® 

SOYUZ 22 

This 8-day mission, with cosmonauts Bykovskiy and Aksenov, 
launched on September 15, 1976 was the only Soyuz to fly at an 
inclination other than 51.6*. The choice of a 65'' inclination was to 
pt^rmit photography of the territory of the German Democratic Re- 
public, much of which lies to the north of 52° N, latitude. A major 
item of equipment was the MKF-6 camera made by Karl Zeiss- 
Jena, vhich was accommodated atop the orbital module. The flight 
of the Soyuz 22 spaceship and the "Raduga" (Rainbow) experiment 
conducted on the basis of the flight were devoted to perfecting 
methods and equipment for photographing the Earth from space. It 
was based on multispectral photography and the visual-instrumen- 
tal interpretation of images obtained by the optical-photographic 
synthesis of multispectral photographs. The camera obtained thou- 
sands of photographs of the territories of the G.D.R. and U.S.S.R. 

A special feature of the Raduga experiment was that in addition 
to perfecting the methods of multispectral space photography it 
pursued the goal of creating standard apparatus for regular investi- 
gations of the Earth's natural resources using space technology. 
Scientific documents summing up the program were prepared by 
scientists of the U.S.S.R. and published as a collective monograph 
**Soyuz 22 Investigates the Earth" ^^'^ and the atlas "Interpretation 
of Multispectral Aerospace Photographs; Techniques and Results, ' 
which was released in 1982. 

The MKF-o camera and the associated MSP-4 multichannel syn- 
thesizing projector together form a unique set of equipment. Photo- 
graphs taken with the camera are distinguished by their high reso- 
lution (up to 200 lines per millimeter) and narrow spectral bands 
(up to 40 nanometers). The projector can be used not only to 
produce high-quality, enlarged^ synthesized color photographs, but 
also for the direct interpretation of images produced on the instru- 
ment's screen. Later versions, the MKF-6M and MSP-4B, devel- 
0{)ed on the basis of the results of the first tests on Soyuz 22 are 
being produced in series by the East German company and an 
MKF-(5M was installed in the Salyut 6 orbital space station.^®® 



'^'^ VinoKradov BV. AS Ivanchenkov. V.V Kovalenok, A.G. Nikoiayev and V.I. Sevas- 
tyantjv l>>klady Akndcmii Nnuk S.S.S.R . vol 249, No. 6, 1979, pp. 1501-1504. 
»»' izdntol stvo ■ Nauka. " 1980; Adademie-Verlag Berlin, 1980. 
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Further details of l\m vursion are to be found in the following sec- 
tion. 

' SALYUT STATIONS 

The Salyut 4 orbital station, launched on December 26, 1974, 
functioned in orbit for more than 2 years. More than 4.5 million 
square kilometers of the territory of the U.S.S.R. were photo- 
graphed during this time. As a result of this photography, a deposit 
of fresh water was discovered in the Kyzylkumy desert as were po- 
tential regions for prospecting for oil. The Kaskad (Cascade) system 
was developed in order to realize economical orbital orientation of 
the station, in an automatic mode, when photographing the Earth's 
surface.^^^ 

The importance of visual-instrument studies of the Earth was 
manifest during the long-duration missions to Salyut 6. Such obser- 
vations are those made both by using the na^:ed eye and using vari- 
ous instruments: binoculars, optical range finders, colorimeters, 
etc. The results are documented using cameras, television and spec- 
trometers. Plans for a program of Earth observations from Salyut 6 
for the first long-duration crew were based on results and reports 
from earlier Soviet manned missions. A characteristic feature 
of this program was the fact that the planned observation problems 
could be more precisely defmed by the specialists and the cosmo- 
nauts themselves in flight. Besides the traditional operations of 
controlling remote sensing equipment, the program assigned the 
crew the duty of more precise definition of the objects of invjestiga- 
tion and selection of the time to studj^ them as a function of il^um-i- 
nation conditions, meteorological situations and other factors. 
Thus, the success of the entire experiment was determined by the 
creative capabilities of the crew, their training and fitness, and 
also the level of operative consultations between the cosmonauts 
and the assigners of the individual missions. 

The Salyut 6 station and its fixed position Earth observation in- 
strumentation demanded that active stabii'-^^tion of the station, 
using low-thrust engines, was used maintaining the longitudinal 
axis parallel to the Earth's surface. The cosmonaut*? were also pjer- 
mitted to make visual-instrument observations when the station 
was in the drift mode and they soon discovered that, in a number 
^ of cases when approaching the target area, the station v/as oriented 
so that the solar panels cut off the view of the Earth from the bin- 
oculars and portable cameras that had been set up. The cosmo- 
nauts hit on the idea of orienting the station with its longitudinal 
axis along the local vertical and giving it an angular velocity in the 
orbital plane equal to its mean motion, obtaining the required ini- 
tial conditions by manual control of microthrusters, using a wide- 
angle viewer. This provided them with an almost panoramic view 
from the five windows of the station's transfer compartment. In 
view of this, it is possible that later generation space stations will 
have their remote .sensing instruments aimed along the longitudi-. 
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nal axis ot\\\e orbital complex so that pictures will be taken in the 
gravitational stabilization mode. The resulting increase in atmos- 
pheric drag willxbe counteracted by in-orbit refueling. 203 

Another factonin favor of the use of portable rather than fixed 
position instruments is their ability to be trained on targets remote 
from the station's ground track. The choice of a 31-revolution re- 
peating ground track on alternate days in support of launch-to-ren- 
dezvous considerations implies that targets midway between 
ground tracks separated b>[ 16 revolutions, a longitude separation 
of some 11.5*, never fall within the field of view of fixed position 
instrumentation. Using portable cameras and binoculars, cosmo- 
nauts are able to observe and record off-track targets. 

Although not part of the station's original equipment, binoculars 
were delivered to the cosmonauts to support the program of obser- 
vations. It was determined that 6X and 12X magnifications were 
the most convenient. The cosmonauts also requested that topo- 
graphical maps for their use should be colored in accordance with 
the true color of different landscape zones. During the second long- 
duration mission to Salyut 6 the number of shades of color was in- 
creased to 196.20^ 

Observations of the natural environment were grouped into six 
sections; geology, geography, oceanology, glaciology, meteorology, 
and environmental control. The glaciological investigations and ex- 
periments aboard the Salvut 6 orbital station were described in an 
article by joint authors, mcluding cosmonauts Grechko and Ivan- 
chenkov. Observations were made for the first time in 1978 by two 
expeditions aboard Salyut 6. Visual observations were made using 
binoculars. The scales of phot<^raphs taken from about 350 km 
were 1:2,000,000 and 1:5,000,000, the surveyed features sometimes 
being far from the subsatellite point and in most cases the photo- 
graphs were oblique. In the first observations emphasis was on the 
Pamir region. Other glaciological observations were made in South 
America and Africa. 

Writing in Pravda at the beginning of the Soyuz 39 mission, 
under the title, '*A Look at the Earth, A. Koval' summarized the 
observations of the Earth made during the series of international 
flights to Salyut 6 under the Interkosmos program. During the first 
two of these, the MKF-6M multispectral camera was used to take 
pictures of the territories of Czechoslovakia and Poland. The third 
flight continued the work of the "Raduga" program initiated 
during the Soyuz 22 misr.ion. This necessitated cooperation between 
the ) 'riorda State Center of the U.S.S.R. and the G.D.R. Academy 
of Sciences' Central Geophysical Institute. After this, analagous 
joint experiments were prepared by Soviet specialists and those 
from the countries of all other international crews. Although Soyuz 
was unable to dock with Salyut 6, the Bulgarian-produced spec- 
trometer, "SpektrlT),'* was delivered to the station in the un- 
manned Progress 5 and used to investigate the spectral reflective 
characteristics of different natural objects and their variations ^ 
from place to place and from time to time. 



-^^^ Idem 
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During the fliylU of i\w Hungarian cosmonaut, synchronous ob- 
servations by aircraft and a mobile information and measurement 
complex operating along the station's ground track were used for 
ground-truth investigations at test ranges in the Hungarian P.R. at 
Abadsalok, Pents, Balaton, and Dunay. However, in an article in 
the Hungarian press, published after the flight, it was reported 
that Farkas has been unable to take pictures of Hungary with the 
MFK-6M camera because it had been late afternoon when Saluyt 6 
flew over Hungary and the amount of light had been insufficient 
for photography. When Salyut 6 had b^en in the region during 
lighter periods, Hungary had been * jUst on the horizon/' On 
the next international flight, 23 photographic sessions provided pic- 
tures of the territory of Vietnam, silt deposits in the Mekong Delta, 
and geological structures. The latter have a potential for the dis- 
covery of useful minerals. 

Pictures of Cuba taken on the next flight in the series revealed 
salt-dome structures in the center of the island. Studies of the 
Piriar-del-Rio zone and an analysis of the color characteristics of 
the sea surface around the island were also carried out. The Mon- 
golian cosmonaut's flight was to continue ground-truth investiga- 
tions and perform a variation of the "Biosphere'* Experiment, first 
performed on the third flight, under the name "Biosphere- 
Mon."^"'' 

Details of the two special cameras, MSF-6M and KATE-140, 
were given by Kuchumov.^"** He claimed thai, in the Salyut 6 mis- 
sion, practically all of the Soviet Union south of 52 *'N. had been 
covered by photographs teken in different seasons and that the ter- 
ritories of all countries participating in the Interkosmos program 
had been photographed. 

The MKF-6M camera, built by Karl Zeiss-Jena, has six spectral 
channels, each with its own lens and filter. Four of these lie in the 
visible part of the electromagnetic spectrum and the other two in 
the near infrared region. Each of the six simultaneously obtained 
')() by HI mm spectral frames bears an image of the same area of 
the Earth's surface covering some 35,000 sq. km. Each cassette has 
a film supply of 1,200 frames. Precisely calibrated shutter speeds, 
fixed relative-aperture values, and a calibration device built into 
the camera for the printing in of an optical step wedge and fiducial 
marks Rive the camera photometric capability. Image-movement 
compensation and the use of fine-grained film produce a resolution 
of between 10 and 1^0 meters. 

The outer surface of the porthole over which the camera is 
mounted Is protected by a cover which is opened only when photog- 
raphy is in process. Operation of the MKF-GM is from a control 
panel which receives a signal at the end o' the film or if the film 
breaks. Additionally, a number of parame^ vs are transmitted over 
the radio link to Earth which provide data on exposure times and 
the intervals between exposures as well as an indication of the 
camera s operational status. Although the electronics unit malfunc- 
tioned during the extended Salyut 6 mission it was replaced by a 
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rt'serve unit delivered to coHtnotiauts Kovalenok and Ivanchenkov 
during the second long-duration rnisBion. The breakdown was said 
to have had minimal effect on the planned program of photograph- 
ic observation. 

The KATE- 140 is a large-format topographic camera capable of 
producing photographs suitable for precision photographic-survey 
work. The 85' field of view enables a single frame to contain an 
image 450 by 450 km from the 350 km Salyut 6 orbit. The camera 
can be programmed for both single and strip photographs with a 
given interval and a punching machine is used to separate the 
strips. The camera has two film cassettes, each with a 600-frame 
film supply. The camera can be controlled from several panels at 
various locations within the station as well as by the programma- 
ble device. It can also be operated on radio command from Earth 
without the chew's participation. The times at which the shutter is 
activated are recorded and telemettred to Earth. 

Another instrument, developed by specialists in Bulgaria for use 
on the Soyuz 33 mission to Salyut 6 was the Spektr-15 satellite 
spectrometer which had been delivered to the orbital station by 
Progress 5 earlier in 1979. Rukavishnikov, the commander of Soyuz 
83, said before launch, "Ivanov and I are looking forward to per- 
forming responsible and complex work in orbit. The Bulgarian side 
has planned an interesting series of experiments. They have all 
been worked out and prepared by Bulgarian scientists. The Spektr- 
15K experi-nent in spectroscopic surveying of the Earth from space 
promises to be particularly interesting. Such a study has so far not 
been undertaken anywhere at any time/'^^^ Follovnng the abortive 
attempt at docking and the subsequent premature return to Earth, 
the Spektr-15 was operated by Lyakhov and Ryumin. On June 27, 
1979, they studied optical phenomena in the atmosphere and also 
atmospheric pollution near large industrial areas using the Spektr- 
15 and Duga instruments.^io The Spektr-15 recorded light reflected 
from the Earth in 15 spectral bands nuaking it possible to distin- 
guish ripe from unripe crops, or to define boundaries of ocean cur- 
rents and accumulations of plankton. The Duga (Rainbow) was de- 
signed for study of phenomena in the upper layers of the atmos- 
phere.2* 1 

Photo Reconnaissance Recoverablk Flights 

The subset of recoverable satellites within the Kosmos program 
is considered in greater detail in chapter 5. However, the Soviets 
now identify certain flights within this subset as performing mis- 
sions ''to continue the study of the Earth in the interests of differ- 
ent sectors of the national economy of the U.S.S.R.. t.r.d interna- 
tional cooperation." For some, but not all, of these flights, the 
TASS announcement states that ''the incomiir ^nfoi7ru»\ m is 
being turned over to the Priroda (Nature) State Sc . /fie Research 
and Production Center for processing and use.'* Tt\^ aescription of 
the Priroda Center follows. 
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First indiiatiorw of such u program within the recoverable 
Kosmos program came in 19()8 when two satellites, Kosmos 210 
and 214, flew at a new inclination of 81. 3^ Both launches occurred 
in April and were not repeated that year. It was suggested that 
their objective was to secure photographic data relating to the 
breakup of Arctic ice on the sea routes along Russia's northern 
coastline.^ ^'-^ 

Further flights with this near-polar inclination followed in suc- 
ceeding years, usually in pairs during April but with each member 
of the pair having different resolution characteristics. As time 
pasoed, other flights appeared with this inclination at different 
times of the year, often associated with scientific secondary mis- 
sions. Table 40 lists possible Earth resources missions within this 
subset since September 1^75. 
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823 


89 1 


July 28. 1980 


13 


Yes 


July 31 


1203 


F-2 


303 


22/ 


82.3 


89.5 












274 


261 


823 


89.9 


Aug. 14. 1980 


14 


No 


Aug ?? 


120/ 


F 2 


282 


218 


82.3 


89 2 


jept 4. 1980 , 


13 


Yes 


S€Dt J 


1209 


F.2 


306 


222 


82 3 


89 4 














274 


261 


82 3 


89 9 


Sept 17. 1980 


14 


■No 


Seot 26 


1212 


F-? 


275 


216 


82.3 


89.1 


Oct. 9. 1980 


14 


Yes 


Notes- 



1 Thp MDie ii^ts <\i\t 0' 'AutKh Ra^mos flights by number which had pos.sible farth resources missjons. in most instances as annou"»^e(J by 
the u S S I? ind in a lew •nsu.'vres 'mpi>«t 

? Most at these "ight jre indistmguishatie ♦fom m,{ii) rcojvefaWe pfwiographJC mjsswis. and a?e launched on the A-2 ;eh)cJe By 1980. the 

nHxviffaMp T^i^ions swifch«o ffom the typical 81 3' or 814* incfmatiOfl to 82 3* inclination it js a temptanon to label these as f-2 flights, 
and tftis •us been Oone 'enlativety. But witti some hesitation 

3 Awjee and pengee af? given m kjiomefe^s. inclination m degrees, and oeiiod m minute<; 
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4 An iftAcdiJon i$ Kivw 4s to whfihH ih# misyofi 4IS0 ciffwJ 1 Wfatte picWwch This xjcnlificalw is* not alwjys ea-sy. is some 
fTwnwwrtifi ergw units w gthei pi«es ol (Wifrt nwy gsM 4 n63t «gn*mr* idrtHCh is flol SO Alfefwl from 2 ptckatMck On eirHef missions, the 
Kiiims (Woup couW disljr-gufth ifc« wyio*h wmt i picW)ick t)y lislw»nj lof "word T* *tiich on picKabiCk flijhls sfafted out stwl and 
ienfithencd durm^ tiM fiitht 

b In ihe uses t (ew listed (lights, t^e(e «as a distinct upward ad)ustment of ttie ortxt dt'tmg the ftigtit, and the new ottxl <s also listed. 
Source Acg tit )f p( 1. based on Tass reports, plus labulatms of the Royal Aircraft EsiaMishmefit. 

Kosmos 771 was the first satellite to have a TK recovery beacon 
since the phasing out of the Morse code telemetry satellites nearly 
2 years earlier. TK's are received from some satellites with an- 
nounced Earth resources missions but others send TF on recovery. 
Attempts to correlate the two types of recovery beacon with the 
presence or absence of the Priroda designation in the Tass an- 
nouncement were not successful. However, the Kettering Group 
eventually showed that TK was characteristic of missions with a 
photographic arc at 220 kilometers whereas TFs were received at 
the close of missions with photographic arcs at 275 kilometers.^*^ 

The Tass announcement for Kosmos 912 was the first to employ 
the phrases quoted in the opening paragraph of this section. The 
reference to the involvement of the Priroda Center is omitted in 
some instances and this may not be without significance. 

In 1971), there was a large increase in the number of announced 
Earth resources flights. This was sustained during 1980, coinciding 
with a change of inclination to 82.3" which could be due to the in- 
troduction of a new launch vehicle, provisionally designated F-2. 

No photographs from such missions have been published and this 
may point to a dual military-economic role. However, their mode of 
operation was confirmed in an article by Kiyenko. He writes. 

The Kosmos series satellites, which are used to study the 
natural resources of the Earth, are equipped with various 
gear and are designed for returning photographic materi- 
als to Earth by means of descent vehicles. The satellites of 
this type make it possible, for example, to take multispec- 
tral photographs. The function of such satellites consists in 
the systematic support of the national economy with space 
photographic materials of a high spatial resolution for the 
solution of production and scientific problems of a long 
term nature in the interests of studying the Earth's sur- 
face, its interior, the vegetative cover, seas and oceans, ^ 
shelf waters, etc.^** 

In the figure illustrating the article, such satellites are depicted 
as having a cylindrical instrument and engine section supporting, 
in front, a capsule formed from two cones joined base to base with 
the one attached to the cylinder being truncated at approximately 
half its height. While this is obviously schematic and should be ac- 
cepted with circumspection, it must be pointed out that the repre- 
sentations of Salyut and Meteor in the same illustration are good 
representations of the actual spacecraft. 

OrKAN Rksources Non-Recoverable Flights 

Writing on the main directions of Earth research from space in 
light of the decisions of the 26th Communist Party of the Soviet 



Awaitinj? publication. 

Kiyenko. Vu. P. Issledovaniye Zemli iz Kosmosa. No. 2. 1980. pp. 5-10. 
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Union Contjrt'HS lor the llth r)-your plan, the vice president of the 
U.S.S.R. Academy of Sciences specified investigations that would 
make it "possible to develop recommendations for determining 
zones of increased biological productivity, including fish, as well as 
scientific principles for the regional utilization of the ocean s bio- 
logical ard energy resources."2is The importance of the ocean's re- 
sources is illustrated by the facts that If) percent of the animal pro- 
tein consumed as human food is provided by sea fisheries and 
about 2()~2r) percent of the world production of petroleum and gas 
already comes from the zone of the Continental Shelf.^'e Konova- 
lov also makes the point that fish frequently seek shallow waters 
and that the introduction of the 200-mile economic zone by coastal 
countries has removed the most productive part of the waters of 
the world oceans from ♦he free zone of fishing. The Soviet fishing 
fleet has been fqrced to move into the open ocean which, for the 
most part, constitute sea "deserts" and must now rely on cosmon- 
autics to help to detect "oases" of fish life in those areas.^i' The 
Mediterranean Sea, which is poor in life is very transparent and 
has a bluo-violot color whereas the Atlantic, which is biologically 
productive in its shallow-water areas, is turbid and had a greenish 
hue due to the presence of tiny algae and photoplankton, which 
contain chlorophyll. The interpretation of space photographs of 
coastal waters revealing subsurface structure makes it possible to 
detect regions promising for petroleum and gas. 

A leading expert in Soviet oceanographic research is the director 
of the Marine Hydrophysical Institute, Ukrainian Academy of Sci- 
ences, at Katsiveli in the Crimea, Boris A. Nelepo. For a detailed 
exposition on space oceanography the reader is d .ected to his arti- 
cle on its problems and prospects, published in IQTQ.''*^ Some of 
these problems are listed in the abstract to another of Nelepo s ar- 
ticles and include investigation of the patterns of spatial distribu- 
tion of minerals on the floor of the world ocean, and especially in 
shelf zones; prediction of biological productivity of various specific 
region.'^ and the ocean as a whole for efficient use of its food re- 
sources • detection of areas of interest for the commercial extraction 
of mineral resources; monitoring of ocean contamination and devel- 
opment of methods of contending with contaminants; prediction of 
earthquakes and tsunamis. He comments that "such an enormous 
program can be implemented only by the use of artificial Earth 
satellites alone or in a ship-buoy-satellite system." 

The meteorological use of oceanographic satellites has been men- 
tioned above. The oceanographic aspects will be discussed below, 

mTERKOSMOS 20 

F,aunched by a C-l vehicle from Plesetsk, on November 1, 1979, 
into an orbit with period i)4.4 min., 74° inclination, and heights be- 
tween o2;} and 467 km, Interkosmos 20 was the first Interkosmos 



"'^ Sidiirctiko. A V Iswlcdovaniye Z?mli iz Kosnosa, No. March-April 1981, pp. .VH. 
Konovulov. H. l/cvestiya. July 2!>. l!l«l, p. H. 

iiH^fletx), BA. U-ninCTad. Problc?my Issledovaniya i ()sovoyc?niya Microvogo Okeana. l'.)79. 
jp 111 -i:f:V TranslaUKi in JPRS LmzC. U.S.S.R report. Space iFOUO l/SU. Feb. l'J«l. with 
!3 references in biblioKraphy (Ifi Russian 1. -r -i 

Nelepo. B A. Issledovaniye Zemli iz Kosmosa. No 1. l!>w. pp. o.>-h:i. 
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mission for ocfanogruphic research. The principal objective of the 
mission was to test un experimental system for the collection of m- 
formation from buoys and its transmission via a central ground re- 
ception station to users. The equipment was developed by social- 
ists from Hungary, East Germany, Czechob»uvakia and the U.S.S.R. 

KOSMOS 1026 

Launched by an F-2 vehicle from Plesetsk, on June 28, 1978, into 
an orbit with period 97.8 min., 82.5" inclination, and heights be- 
tween 680 and 649 km, Kosmos 1025 was the first satellite in the 
Kosmos series to have such orbital parameters. It may be conf id- 
ered as a development flight for the two oceanographic satellites 
which followed, a systems failure, or unrelated to them and per- 
forming an electronic intelligence [ELINT] gathering mission of 
some kind. 

KOSMOS 1076 

Launched on February 12, 1979, into an orbirsimilar to that of 
Kosmos 1025, Kosmos 1076 was announced as performing an ocean- 
ographic mission. Its research equipment was comprised of four in- 
struments: , , , 

1. A visible-band spectrometer, used to determine the charac- 
teristics of sea water according to the spectrum of the emitted 
radiation. It had six channels in the 455-675 nanommeter 
band, with a bandwidth of 3-8 ni.. in each channel and local 
resolution of about 20 km; 

2. A multichannel infrared radiometer, used to determine 
the ocean's surface temperature and the atmosphere s param- 
eters and transfer function. It had 10 channels in the 9.04-18.4 
micron band, with an individual channel pass band of 135-325 
nm and spatial resolution of the order of 25 km; 

3. A multichannel superhigh-frequency radiometer, used to 
determine the ocean's surface temperature, wave action inten- 
sity and wind force, ice cover characteristics, atmospheric hu- 
miditv, water reserves in clouds and intensity of precipitation. 
It hau four worl ing wavelengths: 8, 13.5, 32, and 85 .nm. The 
32 mm channel consisted of two semicomplexes. The antenna 
of one of them was oriented at an angle of 56' from the nadir, 
along the direction of the satellite's flight and operates in two 
orthogonal polarizations. The field of view of the superhigh-fre- 
quency radiometer semicomplex on the 32 mm band, as is the 
case for all other wavelengths, is oriented on the nadir. Spatial 
resolution on the Earth's surface ranges from 18 km in the 8 
mm band to 85 km on the 85 mm band; and 

4. Equipment for collecting data from automatic buoy sta- 
tions and transmitting them to reception centers.^^o 

The visible band equipment clearly detected the cloudy and 
cloudless sections along the satellite's ground-track. When deter- 
mining the color of the ocean, however, significant difficulties re- 
lated to the strong back-scattering of sunlight from the Earth's at- 
mosphere were encountered, less than 20 percent of the radiation 



a»o Nslepo. B.A . et al., Issledovaniye Zemli iz Koamosa, No. 3, May-June 1982, pp. 5-12. 
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received corning from the* ocean's surface. Only in rare, favorable 
cases was it possible to evaluate variations in chlorophyll concen- 
tration in the sea water by this techniquo.221 

KOSMOS 1151 

This satellite, launched from Plesetsk on January 23, 1980, was 
also announced as performing oceanographic research. Its orbital 
parameters were similar to those of Kosmos 1025 and ^76. Obser- 
vations by Sven Grahn, of the Kettering Group, showed that it 
transmitted weak c/w signals on frequencies of 153 and 204 MHz, 
the third and fourth harmonics of 51 MHz presumably for Doppler 
tracking. Instrumentation was as for Kosmos 1076. 

Ocean surface temperature maps were compiled for the North 
Atlantic on the basis of the results of the superhigh-frequency radi- 
ometric measurements made bv Kosmos 1151. In the absence of 
heavy wave action and severe cloudiness, the mean-square error in 
the temperature determination is estimated to be of the order of 2 
K. Results of spectral and polarization measurements made oyer 
the Arctic Ocean confirmed the possibility of obtaining information 
about the state of the ice cover. Measurements made on January 
25, 1980, reproduced graphically, clearly delineate four discrete 
areas: the Greenland Sea, where brightness temperature variations 
are related to changes in the ice's solidity and thickness; the north- 
ern part of the Greenland Sea, where the ice cover's solidity is ap- 
proximately constant but its thickness increases; zones of open 
water to the northwest of Spitzbergen; and the solid ice zone of the 
Arctic Ocean where changes in brightness temperature at 85 mm 
wave-length indicate the ice cover's temperature pattern.^^^ 

The Priroda Center 

The word '^Priroda'' (Nature) has appeared frequently in recent 
years in a number of different connections, '^he writer's first recol- 
lection was a reference to the 25th Meteor as ''Meteor-Priroda. 
Later, certain satellites in the Kosmos series were announced as re- 
porting to the Priroda Center. These were those with recoverable 
payloads in near-polar orbits which had been identified as perform- 
ing ice reconnaissance during the period of breakup of ice along 
the northern sea route across the Soviet Union.^^^ As time went 
by, these satellites flew at other times of the year and some, but by 
no means all, were given the Priroda designation in the launch an- 
nouncement. 1 . , 

The Salyut 6 cosmonauts were directed primarily in their visual 
observation program by specialists of the State Nature Center who 
were located, for the duration of the flights, at the Kaliningrad 
Flight Control Center.224 

Priroda is also the name given to a special mobile laboratory de- 
signed for ground truth measurements in conjunction with remote 
sensing by satellites and aircraft. The laboratory is built onto a 



Idem 

"Mbid . rijra :i and 4. ^ . 

Soviet Space Programs. 1971-75. Washington. U.S. Government Printing Office. 11^6, p. 

SpacefliKhl. Undon. vol. 21. No. 2. 1979. p. 74. 
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large truck equipptni with a cherry-picker arm on whose platforms 
is mounted the sensor instrumentation. The program was coordi- 
nated by the Nature Resources Space Research Institute of the 
Academy of Sciences of Azerbaidzhan.**^ 

In the Soviet Union there are more than 1,200 scientific re- 
search, planning and production organizations, higher and interme- 
diate special educational institutions which are interested in the 
use of the data on Earth sensing from space. Steps were taken to 
evolve a statewide system of economic and efficient design with op- 
timized information capability, precision, timeliness and reliability 
to satisfy as completely as possible the needs of the national econo- 
niy 22C There was a need to develop two closely interrelated, yet at 
the same time, rather independent approaches obtaining and using 
the remote sensing data, of a quick-look and a long-term nature. 
Consequently, two specialized centers were established: the State 
Scientific Research Center for the Study of Natural Resources 
[GOSNITs IPR] of the State Committee of Hydrometeorology and 
Environmental Protection and the State Scientific-Research and 
Production Center "Priroda'' of the Chief Administration of Geode- 
sy and Cartography at the Council of Ministers of the U.S.S.R. 
These were assigned the tasks of obtaining, intersectoral process- 
ing, storage and dissemination of space information for the quick- 
look and long-term purposes respectively. ^ 27 

An automated information retrieval complex is under develop- 
ment at the Priroda Center. The first section of the complex has 
been operational for some time and performs the following func- 
tions: 

1. Stores blocks of data about quantitative and qualitative 
parameters of pictures taken from space; 

2. Informs users on a regular basis or upon request about 
availability and nature of information about any part of the 
Soviet Union contained on film taken from space; 

3. Synthesizes information; and 

4. Checks accuracy and completeness of data furnished to cli- 
ents. 

This first section was estimated to have saved 280,000 rubles and 
relieved 80 persons of manual processing work in its first year of 
operation. 

It will be seen that, in some respects the Priroda Center fills a 
role analogous to that of the U.S. EROS Data Center in Sioux 
Falls, SD, where Landsat data is collected, stored, and sold. Soviet 
technical papers on remote sensing include Landsat data from time 
to time and, for a while, it appeared that the Soviet Union was 
pursuing plans to build a ground station for direct reception of 
Landsat data. State Department approval would have been re- 
quired before the high-technology transfer of U.S. equipment could 
take place and the Soviets would have had to agree to make avail- 
able any data that the United States might require under the 



"•^ SpacefliKht. London, vol tt. No. 4, IDHO. p. U)fi 
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terms of a Latulsat aKruurnunt. An account of Soviet partidipa- 
tiorr in the Landsat system is to be found J_n part 1 of this stiidy.^-''" 

\ GEODESY AND MAPPING 

Y Prior to 1957, geodesy, the study of the shape and size of the 
Earth and the determination of geocentric coordinates of points on 
its surface, was dependent only on ground m(5asi'rement8 over 
small areas limited by the borders of states and continents. It was 
mainly due to this that there were discrepancies between geodetic 
networks determined in different parts of the globe and relatively 
large degrees of uncertainty in the connection between different 
continents. The availability of artificial satellites as objects for geo- 
detifc measurements greatly increased the scope of geodesy and sat- 
ellite geodesy is now an important applied science. Satellite geode- 
sy is jibing successfully applied to the studies of geodynamics, prac- 
tical iind theoretical geodesy, and geophysics. To solve most of the 
problems, in addition to improvements in equipment and observa- 
tional techniques, effective scientific cooperation, unification of 
processing methods, continuing information exchange, and rational 
distribution of labor between participants are necessary. Interna- 
tional cooperation started soon after the first techniques of satellite 
geodesy 'were developed, first on the basis of bilateral agreements 
and regional programs, and afterwards within the framework of 
the International Committee on Space Research [COSPAR]. The 
Soviet Union works through the Interkosmos program and certain 
developing countries, including Mozambique, Angola, Seychelles, 
Mali, India, and Egypt. In 1981, the Interko.smos network included 
25 photographic and 12 laser-ranging stations (10-7 in Europe, 6-1 
in Asia, 6-1 in Africa, and 3-3 in South America). The geometric 
method of space triangulation— the simultaneous observation of a 
satellite from two or more stations— provides a simple technique 
for developing basic geodetic networks for mapping unsurveyed ter- 
ritories and for developing natural resources comparatively quickly 
and inexpensively.'^^' ^ rr , xt 

The Soviet ynion's National Paper to the Second United Nations 
Conference on^ the Exploration and Peaceful Uses of Outer Space 
devotes a complete section to the utilization of satellite tracking 
data for geodetic and geophysical problems in the interests of de- 
veloping countries. It reports that, from 1970 to 19S0, as part of 
international pi\ograms of satellite tracking, more than 98,000 posi- 
tions of satellites have been photographed and 66,000 laser-ranging 
distance measurements have been made. As a result of this the di- 
•ections and coordinates of the European and North African parts 
of the network have been reduced to a single reference system to 
within 10-20 met^jrs.^az 

Besides triangulation methods it has become possible to deter- 
mine a position on the Earth's surface using the Doppler naviga- 
tional satellite system described earlier in this chapter. By comput- 
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er-pr<)ceHsing the resultH of Home 20 or more determinations made 
in a 2 or 3 day period it is possible to establish a fixed position to 
within 1 or 2 meters. It might be noted that Western experts at a 
recent conference were talking in terms of decimeter accuracy by 
ruch techniques before long.^^® Such precision is necessary for lo- 
cating caps of oil wells beneath the surface of the sea and defining 
interstate borders at sea. Most satellite observatories operating 
within the Interkosmos program are equipped with the Doppler in- 
stallations and carry out regular observations as part of the inter- 
national programs. 

As reported in the previous section of this chapter, the Priroda 
Center is part of the Chief Administration of Geodesy and Cartog- 
raphy of the Council of Minister of the U.S.S.R. An article by i.A. 
Kutuzov, of the administration, and Yu. P. Kiyenko, of the Priroda 
Center, describes space cartography in the U.S.S.R. The following 
quotations are taken from the abstract of their article. 

Space surveys of the Earth have significant advantages over 
other methods for obtaining information for map compilation. 
The most important of these advantages is the areal coverage 
of space images. From satellites of the "Meteor" type the 
width of the surveyed zone is thousands of kilometers, whereas 
from stations of the **Salyut" type the photographed zone has a 
width of 450 km. In a short time an enormous area can be pho- 
tographed; for example, in 5 minutes a survey of a million 
square kilometers can be made from an orbital station. Due to 
the high position of the center of projection, the central projec- 
tion in which the image is constructed becomes close to orthog- 
onal and this makes it possible to simplify a number of proc- 
esses in photogrammetric work in map production. . . . The in- 
accessibility of areas has lost its importance and remote, un- 
populated areas can now be surveyed safely, quickly and inex- 
pensively without the organization o/ Jme-consuming, arduous 
expeditions, in the U.S.S.R., such areas include the Pamir i^nd 
Tien Shan, Chukotka and Novaya Zemlya, the Kurile Islands 
and deserts of Ceptral Asia.^^^ 

Geodetic Kosmos Fughts with th^. C-1 

With the exception of a few flights, such as Interkosmos 10, and 
general references to **Meteor" and *'Salyut" types the Russians 
have not identified geodetic or mapping flights specifically. This 
study, therefore, must limit itself to inferential candidate flights 
for these purposes and presumably these are buried within the 
Kosmoa series. Such candidates would be thost with near-circular 
orbits with sufficiently high periods to ensure mutual visibility be- 
tween stations sciparated by large distances for a reasonable dura- 
tion so that multiple observations can be made. Table 41 lists C-1 
launched Kosmos pay loads with such orbits. With two exceptions 
these will be seen to fly wmewhat higher than the contemporary 
navigation satellites which have periods close to 105 minutes in 



2^"* Strange. W E . and LD Holhem. Phil Trans R Soc. Lond. A. vol. 294. 19S0. pp. 335-340. 
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near-circular orbits at approximately 1,000 km above the Earth's 
surface. The satellites with 74* inclination fall into two <»ategorie8; 
those with periods close to 113 minutes at approximate ' 1,400 km, 
and those with periods close to 109 minutes at approximately 1,200 
km. Flights at 83* show no such dichotomy being all at approxi- 
mately 1,200 km. The two exceptions, Kosmos 842 and 911 had pa- 
rameters indistinguishable from those of navigation satellites but 
Kettering Group analysis abased on orbital-plane spacing, lack of 
signals on 150 MHz and no obvious gaps in the series of identity 
numbers at the relevant times, make the net balance of evidence 
that they are more likely geodetic rather than navigation flights. 

TABLE 41.-P0SSIBLE GEODETIC MISSIONS FOR KOSMOS C-1 PAYLOAOS 





Kosmos 
nunber 


APOCH 




Indiftition 






1968 














PeO 20 


203 


1.200 


*-1.200 


74.1 


109.4 




Nov* 30 


256 


1.234 


1.168 


74.1 


109.3 




• 903. 














Mar 17 


272 


1.220 


1.195 


^74 


109.4 




Nov. 24 


312 


1.187 


1.145 


74 


108.6 




19/1 










109.4 




' Aof 28 


409 


1.222 


1.185 


74 




Nov. 20 


457 


1.229 


1.192 


74 


109.5 




1972 














Mar. 25 


480 


1,212 


1.183 


83 


109.2 




Dec. 21 


539 


1.353 


1.302 


74 


113 




1973 














Sept. 8 


585 


1.416 


1.385 


74 . 


, 113.6 




19/4 














Apf. 29 


650 


1.413 


1.380 


74 


113.5 




Aug. 29 


675 


1.429 


1.370 


74 


113.7 




1975 














Feb 12 


708 


1.423 


1.387 


69.2 


113.6 




Sept 24 


770 


1.222 


1.138 


■ 83 


109.2 




1976 














July 21 


842 


1.023 


987 


83 


105 


Possibie navigation satellite. 


1977 










104.9 




May 25 


911 


1.018 


984 


82 9 


Do. 


Nov 24 


963 


1.220 


1.190 


82.9 


109.3 




19/8 












Possible use of ttie f-2. 


Oct 26 


1045 


1.724 


1.688 


82.6 


120.4 












mission perhaps obscure. 


Dec 26 


1067 


1.226 


1.184 


83 


109.2 





Hotn 

1 IV JaWe JiMiigtt p(cM)i« itoQiXK fiijMs \n the wdef ot date o< lauwh. gmg lt»e Kosmos numbef 

2 Ai)0«e and {»n?M jre m iiifomelefs. inclinatiofl m (tegrees. and pef«d in minutes 

3 m of \hi flights, alfhoiifffi m !f»e oattern of contenipwafy navigation umti. have tended to fly sJightly hifihef. and f>e|W can be quickly 
fecofini/ed as ^ff^rent Hcwevff Kwmos ^42 and 911 have Memeflts indistinguishable from those of naviMtw satddtes Mafysis by the Kjttenng 
Qoup both as to otm iXane and to laa of desjgnatKXi wthin the wvigatiw systems broadcasts, make the net balance of evidence that they are 
nofe iikeN geodetic fkgftts than they m navigation flights - , , ■ l ,k«. caa 
■ 4 The K<W 1045 m.ssioo ts drttincily different from the others m the taWe The rest are all launched oo the C-l. and may w«gb about 600 
fctloiiam^ Kosnws 1045 may Have been launched on the F-2. and couW wetgh as much as 3.400 kilograms. The pnncifMl reason for including Ihis 
Hight .n the tat* that the ortnlai dements put it ctoser to the geodetK umily than to any other recognized group«ng but this leaves obscure its 
actual functw at until the posyNe appeafirce of additional fiighti^m * same category 

5 the USSR has- not <lentified any specific llighl as geodetic m pu^. bot they have published a fair nOmber of articir. about ine several 
technKjoos fof using satefhtes tor geodetic purposes, and have poblishedThe results of then geodetic stud»es m part. The ovtrai nature of the 
Dfogram cou« be ct)n.nder«j of the soeatc end uses and mformationat gathering activities are regarded as miiitaniy 
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Possible Mai'J'IN(1 Missions within the Photo Reconnaissance 

Fi.u:hts 

A sfwcial subset of recoverable Kosmos satellites, transmitting 
the two-tone tracking beacon on 19.994 MHz, instead of the usual 
11).9H9 MHz, exists within the third generation missions. These do 
not maneuver and have a TL recovery beacon instead of the usual 
TFs or TKs The nonmaneuvering feature led to their initially 
being classified as successors to the first-generation low resolution 
flights. As time passed and such flights appeared, in general, only 
two or three times a year at times close to the equinoxes and at 
different annual inclinations to the Equator, some other role was 
sought and it is now thought that they perform a geodetic survey 
and mapping function. With tho Sun overhead close to the Equa- 
tor, there will be average illumination in both Northern and South- 
ern Hemispheres. 2="^ Table 42 lists Kosmos missions belonging to 
this subset. 



TABLE 4? TOSSIBLE MAPPING MISSIONS WITH THE PHOTO RECONNAISS/\NCE PROGRAM 



I June/} 




launcii 
\*fncie 




Pefigec 


Inclination 


Penod 


Decay 


Days me 


19/1 
Oe^. ?/ 


«/0 


A 2 


71? 


ia.5 


65.4 




Jan 6. 1972 


to 


19/? 
iuly ; ] 
ivc 2/ 


50? 
541 


A 2 
A? 


284 
371 


206 
?42 


6S.4 
8U 


89 2 

90 3 


Ju'y 25. 1972 

Jan. 8, 1973 


12 
12 


19/^ 
'une ?/ 
O^c 1/ 


5/6 

616 


A? 
A ?. 


358 
355 


212 
214 


' 729 
72.9 


89 9 


July 9. 1973 

Dec. 28. 1973 


12 

n 


19/4 
)i,no :!9 
Nov 4 


664 
693 


A 2 

A-2 


364 
271 


212 
215 


72.9 
813 


90 
89.1 


July 11. 1974 

Nov. 16. t974 


12 
12 


Mar .'1 
Seol 1*^ • 


/?0 
/59 


A ? 
A 2 


m 

281 


223 
234 


62 8 
62.8 


89 4 
89 6 


Apr 1. 1975 

Sept. 23. 1975 


12 

12 


19^ 
-M3f 11 

s*Dt n .. 

19/? 
lure IC 


811 
865 


A ? 
A 2 


361 
3% 


212 
212 


72.9 
729 


89 9 
89 9 


Apr. 12. 1976 

Oct. 3. 1976 


12 
12 


916 


A 7 


307 


250 


62 8 


89 9 


June 21. 1977 


12 


Nov ; 
Opt .M 


988 
1045 
1019 


A ? 
A 2 
A 2 


363 
353 
290 


210 
212 
244 


72 8 
* 72 9 
62 8 


89.9 
89.9 
89.8 


m 20. 1970 
Nov 13. 1978 
Jan. 10. 1979. 


12 
12 
13 


19/9 
A-.? 3 
(5f! 


1119 
1139 


A 2 
A ? 


26/ 
357 


222 
212 


m 


891 
89 9 


Aug i5. 1979 . . 
Oct 18. 1979. » . 


12 
13 


M.iv Id 
Sept ?J 


1180 
1?11 


« 2 


296 
261 


240 
215 


62 8 
82 4 


89 8 
89 1 


May 26. 1980 

)ct 4. 1980 


12 
11 
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ot drtig 19989 *IH; like oWeis ol tfiil r-w, brojdusls on 19 99f MH; riK lecovwy bweon n wugut a MofM code Jl 
5 SeltlKii on the tuct mission s i more drtluill list, wd is opmi to some qutslion In most lespecls. Ih« missions iie Hiwiily 
irOToHw m^^pWopip^^ The tl.S S.I». swFhK W misswns wiMCl. wrtine J ^mulUneojir 

»S7 isiTlieir outward, md i «w o( the Earth dOMward. TDese Hiflits aho sem to (*« an approumale 6 months seasonal pattern. Ihe 

Mira ol mantuver seems to put them nto Ihe low lesokitioA catefity. 
Sourer «w ill ol ;t 1. Tass annovncDnents. the M Airuaft Eslatinhncnt and the Ketterini lirow. 

The Soviet Union has the need to be able to correlate the inter- 
national mapping grids for precise targeting of its missiles with 
MIRVed warheads and it has been suggested that this is achieved 
by taking simultaneous photographs in opposite directions of 
ground targete and star backgrounds using laser technology. '^^^ ■ 

KosMOS 1045 

This p *.ellite is also includti in tablp 39 on the grounds that,, al- 
though distinctly different from all others in the table, having been 
launched by the F-2 instead of the C-1, its orbital parameters put 
it closer to the geodetic subset than to any other recognized group- 
ing. Kven so, it is higher than any of those having a period close to 
120 miiwiteH at approximately 1,700 km. Its mass has been estimat- 
ed as a possible 3,400 kilograms which, with the two amateur radio 
.satellites launched with it, each of mass 40 kg, is well within the 
capability of the F-2 at that height and the 82.5° inclination. 

SPACE MANUFACTURING 

In 1978, a iwpular book with the title "Industry in Space" was 
published in Moscow. Among the chapter titles are "Foundry above 
the Earth," "Other materials which did not exist before," and "Bi- 
ology and pharmacology in space." The book highlighted the prob- 
lems of using the conditions of high vacuum and microgravity and 
considered various uses such as obtaining materials with unusual 
physical-mechanical properties, large single crystals, an J super- 
pure materials, including medicines. '''''' 

In a Pravda article published in 1980, cosmonaut Valeriy Kuba- 
sov defined space technology as encompassing a set of technological 
processes conducted in orbit utilizing the physical factors of outer 
space— primarily weightlessness^as and vacuum. He named the 
two most important areas of space technology as the repair and as- 
sembly of equipment in near-EJarth space and the production of ma- 
terials and articles with new or greatly improved proper.ties.^^o 

SOYUZ 6 

Launched on October 11, 1969, as the first in the "troika" mis- 
sion, this flight was commanded by Lt. Col. Georgiy Shonin with 
Kubasov a.s his flight engineer. It carried, in the orbital module, a 
specialized research unit, "Vulkan, developed at the T.Jkrainian 



Aviation Wwk & Spnci- Technology, vol. U.'i, No. 12, Sept. 22, \9S^, pp. 14-lo. 
Yi'vioh. A K Industriyn v kosmmH?, Moskovskiy rabochiy, 

Thi- traditional terms ■ weightU-asmnja ' or "wro-g" are not stricily accurate. A body exjie- 
ricncmK an acceleration is acted upon by an external force. In an orbiting spacecraft, such 
forces arise ;is results of drag, thruster action, and crew movement. Even a rotation demands a 
centripetal acceleration for all points of the body distant from the center of rotation. Conse- 
quentG-- the term "microKravity is currently used to encompass the >4riety of small acceler.. 
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S.S.K. Academy of Siuonms' Klectric Welding Institute, to investi- 
gate alternative methods for welding in conditions of high vacuum 
and microgravity. The Vulkan unit was remotely controlled by 
electric cable from the command module after the communicatmg 
hatch had been sealed and the orbital module depressurized and 
o|>ened to the high vacuum conditions of space. Three methods 

were tested: 

1. A low pressure compresvsed arc, 

2. An electron beam, and 

3. Arc welding with a consumable electrode. 

Only the electron beam experiment was reported as completely 
successful in initial accounts. However, more recently, Kubasov 
claimed that, on October 16, the final day of the mission, metals 
were cut and welded by several methods. He comments that at the 
time it was difficult to evaluate the entire significance of the ex- 
periments without some hesitation but that they can now be seen 
as impetus to the practical development of space technologv. They 
demonstrated the possibility of manipulating molten metal under 
conditions of microgravity and high vacuum. It had been possible 
to ensure the directional transfer of molten metal into the welding 
bath, form a weld r ^am, and localize the crystallizing metal a»ng 
the edges of the cut exactly as is done on Earth. He also points out 
the psychological importance of successfully demonstrating the 
ability to cope safely with molten metal, sparks, and high voltages 
on board the spacecraft. The article concludes with discussion of 
related ex^^c-riments conducted on board Skylab in 1973, during the 
joint Apollo-Soyuz mission of 1975, when Kubasov was a member of 
the two-man Soyuz crew, and in Salyut orbital stations. 

The / 'OLLO-SoYUZ Test Project 

The ASTP ex. riraents package comprised 28 separate experi- 
ments. Five of these were joint U.S.-U.S.S.R. experiments. One of 
18 approved on August 16, 1973, was MA-010, the multipurpose 
electric furnace with A. Boese, of the Marshall Space Flight 
Center, as principal investigator. Based upon a similar furnace (M-t- 
518) flown on Skylab, this furnace was used to heat and cool mate- 
rial samples in space, thereby taking advantage of the lack of ther- 
mal convection and sedimentation during the liquid or gaseous 
phase of the material being processed. Seven experiments were per- 
formed. The guiding design requirement for the multipurpose elec- 
tric furnace system was to produce an apparatus that provided the 
widest possible flexibility in applying predetermined temperature 
distributionji and temperature/time sequences within the con- 
straints imposed by existing interfaces. Mlhough the Skylab niulti- 
purpose furnace met all expectations c^ performance and reliabil- 
iiy, it was apparent that improvement in function could be ob- 
tained with some specific modifications for ASTP. The system con- 
sisted of three essential parts: 

1 . The furnace, 

2. A programmable electronic temperature controller that 
provided the desired temperatures, and 
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A helium ra|H?l cooldown system. ^"^^ 

Joint experimtMit MA- 150 was designed by the Soviet Principal 
Investigator, 1. Ivanov, and used the American MA-010 furnace in 
the docking module. There were three identical cartridges^ each 
containing three ampules, and all three cartridges were returned 
to the Soviet Union on Soyuz. One ampule contained aluminum 
powder that was melted (at 700 in an attempt to produce per- 
fect spheres when the melt cooled. Spheres were produced, but alu- 
minum oxide influenced their formation and they were not perfect; 
they were about the same as spheres produced in l~g. 

During the first 3 hours after the furnace was switched on, the 
tomiH^rature rose linearly from 0 ''C to 1150 'C. This temperature 
was maintained for 1 hour and was then reduced in an active cool- 
ing phase at a rate of 0.6 K/min for nearly 4 hours. For the re- 
mainder of the 10-hour duration of the expeririient, the tempera- 
ture fell with passive cooling, following the switch-off of the heat- 
ing current to 46 ''C, at which temperature the cartridges- were re- 
moved from the furnace. 

The ampule that received the full 1150 T temperature for the 
hour-long soak contained tungsten spheres and aluminum. In 1-g, 
the im melted tungsten spheres would sink to the bottom. In micro- 
gravity, they remained in place, and the Soviet scientists measured 
the rate of formation of tungsten-aluminum alloys during the 1- 
hour soak. 

The middle ampule reached a souiewhai lower temperature, It 
contained germaniu.o **doped*' with 2 percent of silicon atoms— a 
semiconductor used in electronic circuits. The melt solidified direc- 
tionally, from the cool end toward the hot end of the cartridge. The 
Soviets considered these germanium silicon crystals to be better 
thaii those made in l-g.^'**^ 

TJ|e multipurpose electric furnace and its experiments undoubt- 
edly had some influence i)n the design and research programs of 
the Splav (Alloy) and Kristall furnaces which were later *lown on 
Salyut (). 

Sai Stations 

Experiments in space technology and studies of the behavior of 
materials are now a permanent component part of the flight pro- 
gram of Salyut orbital station?^. 

The electric furnace Splav-01 had a mass of 23 kg. The problem 
of heat insulation was solved by designing the furnace to fit into 
the waste-disposal air lock. 

Splav had three heating areas — one that could maintain tem- 
peratures of up to 1100 ""C, a **coW area that could maintain 600- 
T(M> and a gradient'* area along which there was a linear tem- 

{)eratare gradient between the maximum and minimum furnace 
leating capabilities. The furnace was controlled by a computer 
which ensured an accuracy of plus or minus 5 K of the required 
temperature. The material samples were in capsules, and each cap- 
sule contained three crystal ampules that fused when subjected to 
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heating. This was inUMirUnJ to jHjrniit formation of mono-crystals in 
the **gradient** area, while three-dimensional crystallization would 
occur in the hot and cold sections of the iiurnace.^^^ 

The first experiment, which lasted some 14 hours, was made to 
study diffusion processes in molten metals in micro^ravity. A cap- 
sule containing ampules of copper and indium, aluminum and mag- 
nesium, and indium antimonide was placed in the furnace. After 
the airlock was depressurized, the furnace was switched on and the 
computer monitored the process of crystallization. 

During the exj/.^riment, the complex was put into the **drift 
regime, with all its orientation engines switched off, to^reduce dy- 
namic disturbances on the experiment.-^* 

Splav was later used to investigate the possibilities of obtaining 
immiscibility-gap alloys— alloys of materials having substantially 
different densities, such as an alloy based on aluminum and tung- 
sten. Such experiments are not possible on Earth since a uniform 
alloy does not form due to the different densities of aluminum 
(2,700 kg/cubic meter) and tungsten (19,300 kg/cubic meter). In mi- 
crogravity, however, they form an alloy v/\ r is stronger than 
steel. Another experiment, said to be of practical interest, was that 
of impregnating porous molybdenum with galliur . to form a super- 
conductor.'-^*'^ 

On board Progress 2, which docked with Salyut 6 on JuW 9, 19(8, 
was a new electric furnace, an improved version of the Splav fur- 
nace already on board. The new furnace, known as Kristall (Crys- 
tal), had a mass of 28 kg and the process of crystallization took 
place in a different manner. 

The substance from which the crystal was to be formed was first 
placed in a zone where the temperature was reduced; a seeding 
technique was used which kept one side cold and the other hot. 
The cold side acted as a seed. The temperature curve was kept con- 
stant in space. The sample in the capsule then stretched slowly 
across the zone, with the same result as in Splav, but temperature 
control was better, giving crystals that were more regular and ho- 
mogeneous. 

Kristall was said to be highly automated. Il incorporated many 
kinds of electronic devices enabling the cosmonauts to select vari- 
ous work programs without interfering in the processes. Whereas 
Splav was in the airlock chamber, so that heat could be discharged 
into open space, Kristall had better heat protection and was placed 
inside the station*s transfer section. There was a certain amount of 
heat from it but the temperature control system was able to 
cope.'*^"*^ 

The first experiment with ' stall was used to produce a pure 
niunocrystal of Rallium arsen from a high temperature solution 
bv a zone-melting technique.^^**^ 

^The scientific director of the Kristall experiment, V.T. Khryapov, 
said the distinguishing feature of the Kristall apparatus was thai, 
in the first place, it could operate inside the orbital station, with- 
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out having dirud connt'ction to the space vacuum. Second, the fact 
that the apparatus enabled technological processes to be conducted 
by four methods in distinction from apparatuses which were used 
previously. 

The first method was that of >abtaining monocrystals from the 
gaseous phase by sublimation; tfhe second was obtaining fil/ns of 
monocrystals by the chemical gas-transportation method; the third 
method was obtaining monocrystals by what is called the moving 
solvent method to obtain a high-temperature solution; and the 
fourth was the traditional method of volumetric-directed crystalli- 
zation—the method used earlier. He went on, 

It is necessary to conduct pure experiments when the in- 
terference which occurs on Earth in the form of conv^c 
tion, heat distribution is absent; and therefore this re- 
search produces materials which, having been obtained in 
this installation, can be used in instniments. The quantity 
used in the instruments is very smau, nieasured in milli- 
gramm(?s. But in this installation we can obtain grammes 

Temperature distribution along the axis of the Kristall furnace 
was measared by experiments with the code name "Imitator." The 
Imitator-1 experiment employed shaped meltable wires with differ- 
ent melting points for control panel setting.^ of 1,100, 900, 800, 600, 
and 400 "C. In the Imitator-2 experiment, temperature profiles in 
both steady-state and dynamic modes were measured with 10 
nickel-chromium nickel microthermocouples attached to a simulat- 
ed ampule. The thermoelectric e.m.f.*s were measured with a digi- 
tal electronic voltmeter. Good correlation was obtained between re- 
sults from both experiments.^*^ 

Kovalyonok and Ivanchenkov performed an experiment to 
produce optical glass using the furnace delivered by Progress 2. 
The absence of gravity was expected to improve the microstructure 
of the glass and provide a surface that required no further treat- 
ment. Whereas difficulties were caused in manufacture on Earth 
by the molten glass touching the walls of the furnace, in space it 
was possible to carry out the melt and solidification in a state of 
suspension. 

P'xperiments with the furnaces have been a main feature of 
manned spaceflight operations under the Interkosmos program. 
During the Soyuz 31 visit to Salyut 6, in August 1978, the Berolina 
experiment was performed as part of the joint flight program with 
the G.D.R. At the time, it was said to be likely to have a big influ- 
ence on semiconductor technology and component manufacture 
. nd thus on the dev«?>lopment of electronics in the G.D.R. Lead tel- 
iuride, which serves as a base material in opto-ele^ -onics and laser 
technology, was obtained under conHitions of microgravity.^^'* 

Two experiments were performed using both the Splav and Kris- 
tall furnaces. The Berolina S-1 experiment boiled beryllium-thori- 
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jam gla^s. A more uniform and higher quality glass could be ob- 
tained in space conditions and it was hoped to use this in optical 
devices such as telescopes, microscopes, cameras, and so on. The 
second Splav experiment, Berolina S-2, differed from previous ex- 
periments ifi that semiconductor crystals of bismuth-antimony 
were produced using a special programrped temperature reduction 
process. 

The Kristall experiments used a different crystallization method, 
employing a computer-controlled mechanical retraction device 
which slowly withdrew the ampule from the high-temperature zone 
of the furnace during the cooling process. In the Berolina K^-l ex- 
periment, lead telluride crystals v/ere grown by sublimation. The 
Berolina K-2 experiment grew bismuth-antimony crystals of the 
same composition as in the S-2 experiment so that the results of 
both processes of crystallization could be compared afterwards and 
the best crystal-growing method ascertained. ^^^^ 

Photographs of the Kristall furnace and the ampules used in the 
Berolina experiments carried out by V. Bykovskiy and S. Jahn on 
boarfr Salyut (J were published in Spaceflight,^^^ A picturt. of the 
Splav-01 appeared in the previous issue. 

In the March to May 1979 period, a cycle of 10 experiments in 
space material science, under the general name "El'ma," was car- 
ried oat by cosmonauts Lyakhov and Ilyumin using Splav and the 
new Kristall furnace, which had been ferried up in Progress 5. 

The El'ma experiments, in cooperation with French scientists, 
who had supplied the sample materials, were devoted to the stud^ 
of crystallization of aluminum (with copper added) and tin (v/ith 
lead add^Ki) under conditions of microgravitation. The experiments 
were also devoted to obtaining new magnetic materials; in this 
work needy mum-cobalt was used, which can be obtained in princi- 
ple under Earth conditions, but its structure would be very hetero- 
geneous; manganese-caesium, which cannot be obtained under 
I irth conditions, was also used. 

A subsequent group of El'ma experiments was devoted to study- 
ing crystallization from a gaseous state (vanadium oxides and ger- 
manium were used). Also studied was the influence of spaceiiight 
factors on the crystallization of semiconductor materials from the 
liquid state in samples of bismuth, tellurium and bismuth-telluri- 
un) and indium-antimony alloys. Finally, crystallization from gal- 
lium-arsenic and gallium-indium-antimony solutions was investi- 
gated in two El'ma experiments^^^ 

The *'Khalong" series of experiments devised by specialists of the 
II.S.S.R., the S<x:ialist Republic of Vietnam, and the German Demo- 
cratic Republic* used the Kristall and Splav-01 furnaces to grow 
crystals of semiconducting conipounds. The fir?t three investigated 
diiect crystallization from solid solutions of Bi2T^ 7SE6.3. BiSbTe-j. 
and Biij nSbi sTej. The fourth and fifth experiments, also conducted 
in the Kristall furnace, concerned the growing of gallium phos- 
phide crystals from a mcii bath by the moving solvent metnod. In 
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the latter experimont the gallium phosphide was alloyed with zinc 
and oxygen. The sixth experiment, using the Splav-01 furnace, 
grew lead teiluride and Bi2Te2.7Seto.3 crystals, with an excels of tel- 
lurium, in separate ampi^les in a single capsule,^^^ Thf selection of 
these materials was based on their having been studied extensively 
on Earth and possessing electrophysical properties which are ex- 
tremely structurally sensitive and growth-condition dependent, 
their extensive employment in electronics technology, and their 
suitability for growth in conditions available in the furnaces^ 

During the Salyut 4 mission it became necessary to resurface the 
25 cm-diameter main mirror of the solar telescope. The cosmonauts 
sprayed a new reflective layer onto it. The process worked well and 
this was a deciding factor in Soviet plans for future space stations 
since there would be no point in sending up other telescopes for 
long duration missions if mirror surfaces could not be recotwed. 

On Salyut 6, experiments involving the vacuum deposition of 
coatings were performed using the "Isparitel" (vaporizer) unit. 
Electrons ^n^.itted by an electron gun situated in a vacuum bor. 
bard the molten metal located in a refractory crucible. The metal 
is vaporized and deposited on a plate. The window through which 
the metal vajwrs fall on the plate is opened and closed by a blind. 
The thickness of the deposited metal layer, which is proportional to 
the time for which the window is open, can be regulated. Developed 
by the same Institute as the Vulkan unit, Isparitel consisted of the 
working unit with two electron guns and a manipulator for chang- 
ing the deposited plates installed in one of the air locks. These 
were electrically connected to the remote control panel. Two cos- 
monauts were needed to perform tlie experiment. One monitored 
the instrument readings and operated the controls while the other 
kept a precise time count of the vapor deposition using a stop- 
watch. Plates were coated on both sides and each one had its own 
exposure time. 

Analysis back on Earth cf the coatings of several samples showed 
that the film did not lose its mirror quality at thicknesses greater 
than the designed value. Thus it would appear that, in micrograv- 
ity, it is possible to obtain a stronger mirror coating than under 
ground conditions. ^^"^ 

Kol lowing the final series of coating experiments, the cosmonauts 
removed the Isparitel unit from the airlock and installed the Splav 
electrical furnace in its place. 

Future Outlook 

At the end (m 197!), the Director of the Space Research Institute 
(IKl), Sagdeyev, interviewed during a seminar sponsored by the 
Znaniye (knowledge) Society in Tallin on 'The Latest Achieve- 
menta in Space Research and Problems of Propaganda'* said, ''I an^ 
certain that in the next 5-10 years a vast amount of industrial ac- 
tivity will bi^i^'m in orbit. Toward that end we must prepare not 
only technology but men as well." '^^'^ 
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Writing on the occasion of the 2r)th anniversary of the first satel- 
lite launching, Academician Glushko commented that satellite 
methods enable monitoring of the degree of pollution of the Earth 
and the effectiveness of means used to protect its biosphere. He 
went on to add that among radical measures for protecting the 
Karth from contamination, depletion and overheating is putting 
major industry and energy facilities beyond its confines in outer 
space. lie wrote. 

In the first instance, industrial production should be or- 
ganized in space making use of the uniqi'e properties such 
as weightlessness, clean vacuum, low temperature and 
solar energy, and production of unique niaterials that 
would be impossible or unprofitable to organize under ter- 
restrial conditions. This pertains primarily to the manu- 
facture of crystalline, optical and semiconductor materials, 
and some medicines. 

Processes are being worked out under space conditions 
for soldering, welding, melting, assembly installation, ap- 
plying coatings; automatic machines are being designed / 
that are capable of constructing standard components of 
large-scale structures. These are but the first steps on th^ 
road to the inevitable industrialization of space.^so 

These two quotations are indicative of Soviet thought as to the 
manner in which space processing should develop. Already there is 
evidence from the Salyut 7 missions that some of these measures 
are in hand. Electrophoretic techniques have been employed for 
the separation of tissue cells in the Tavriya experiment. 

In the distant future one might expect the Soviets to take steps 
to establish a permanent space station in jgebsynchronous orbit for 
the purposes of industrial production under conditions of 
microgravity and also for the collection of solar energy, its conver- 
sion to electrical energy and transmission to Earth by microwaves, 
but these introduce diTicultieS several orders of magnitude greater 
than those solved to date. 

At the beginning of this chapter, it was reported that the Rus- 
sians were initially slow to exploit space although their writers had 
been quick to recognize the potential applications for a wide varie- 
ty of purposes. However, froai_iKbaHm5l>een recorded above, it can 
be seen that the Soviet spp.je program has made great strides 
during the period under review and now appears to be totally com- 
mitted to maintaining a steady and purposeful advance toward the 
exploitation of its results for the benefit of the Soviet system. 
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Chapter 4 Annex 1 



Channel Frequencies and Utilization in the Soviet Communica- 
tions Satellite Systems, With Particular Reference to the Televi- 
sion Traffic 



CHANNEL FREQUENCIES 
Frequencies in the UHF Range 

MOLNIYA 1 

The first Soviet announcements of communications satellite fre- 
nuency bands oame shortly after the Orbita system entered oper- 
ational service, quoting a television downlink frequency "close to 1 
GHz" for the Molniya 1 satellites, with a transponder KF output of 
40W, giving global beam coverage via a parabolic antenna. Later 
reports quoted the downlink as "800-1,000 MHz". 

Since the transfer of TV traffic to the higher frequency bands of 
the Molniya 2 and subsequent Molniya 3 series, the Molniya 1 
downlinks have carried other forms of modulation. Observations at 
Sheffield, England, sir;ce 1976 have revealed the presence of signals 
between 974 and 998 MHz approximately, suggesting a transponder 
band with on the order of 30 MHz, adequate for FM television, ex- 
tending perhaps from 970 to 1,000 MHz. This 30 MHz seems a more 
likely value of bandwidth than the quoted 200 MHz, and leads us 
to speculate whether the mention of an 800 MHz frejiuency mav 
have referred in fact to the region of the Molniya 1 uplink channel, 
a frequency not otherwise announced. Prior to 1972, the capacity of 
Orbita for other services, for instance newspaper facsimile trans- 
mission, in addition to TV, could be explained on the basis of time- 
sharing outside TV program hours. , 

Received signal levels in this channel are consistent with niu'ti- 
ple carrier occupancy at the claimed level of effective isotropic ra- 
diated power [EIRP]. Polarization is right-hand circular. 

UHF DIRECT BROADCAST SYSTEM: EKRAN 

The downlink frequency adopted for the U.S.S.R.'s first direct- 
broadcast TV satellite system falls within the lowest frequency 
band allocates to this service at WARC-ST.^^o Twenty-four MHz 
wide, centered on 714 MHz, the channel accommodates an FM TV 
signal of broadcast specification, beamed from the Statsionar-T lo- 



World Adminmtrative Radio Confe'-. nce for Spac« Telecommunicaliona, Geneva, 1971. 
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cation of 99" K to tfif» riorthorn and eastern regions of the Soviet 
Union, with a maximum EIRP of some 5,6 dBW. Uplink is at 0,200 
MHz, from Gus'Khrustarnyi, east of Moscow. Unconfirmed reports 
suggest than an additional television program may be provided in 



downlinking in an adjacent channelT possibly centered on 754 MHz. 
Frkquencif:s in the GHz (Uplink) and 4 GHz (Downlink) Bands 

The precise nature of the now obsolete Molniya 2's use of the 
microwave spectrum remains unclear. Early Soviet announcements 
spoke of the 3.4-4.2 GHz bands for downlinks, though with the lim- 
ited capacity of the Orb' a 2 system it seems unlikely that more 
than z small portion of wnat allocation was used. Certainly the Rus- 
sians niade use from an early stage of a TV channel centered on 
3,875 MHz. The corresponding uplink was at (5,200 MHz, the trans- 
lation frequency of the Molniya transponders being 2,325 MHz, 
compared with the 2,225 MHz standard for the 3,7-4.2 GHz do\yn- 
link subband of Western systems. The frequency 3,875 MHz Has 
been retained as the primary television downlink channel, for geo- 
stationary as well as incline orbit satellites in the SHF bands. 

At one stage a channel spacing of 90 MHz seems to have been 
favored, possibly with digital TV or time division multiple access 
[TDMA] telephony in mind, but the plan now in use throughout 
the Soviet ()/4 GHz satellites is based on 50 MHz channel spacing, 
with a usable channel width of perhaps 40 MHz. Observations 
below the Western band edge of 3.Y GHz are less than satisfactory 
at the Sheffield station, but it appears that 11 channels may be 
available, on 50 MHz centers from 3,425 to 3,925 MHz inclusive. 
Figure 49 shows the uplink and downlink frequencies fc each 
channel. Arbitrary channel numbers have been assigned here for 
reference only, and differ from the numbcrings I have used else- 
where. 



Hirkill. S.j I)<»vfli)pni«»nt of u SiitoUiti* Terminal KxptTitnt'iUal Systoni for TV R'a»ption. 
Wireless World, vol Mi. Ix)ndon. St?ptomber lUSD, pp 67-70 

^^'^ Birkill. S J \ CiHz L)ownlink Band". Transponder ^ pouenciei; in Existing auu Planned Sys- 
tenus. Worldwide Community Antenna Television lournal. vol 7. Oklahoma. September 1980. 
pp A'd A:\ 
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Ftouac 49.-Channel Freuuenciw* Used by Soviet Communications Satcllitea in the 

6/4 Olu Bands ^ 
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Use of the lower frequency channels brings the advantage of 
avoiding cochannel int^iference with the established international 
(Intelsat) and various domestic and r^onal systems sharing the 6 
and 4 GHz bands. Since the limits of current Western occupancy 
are 5,925-6,425 MHz and 3,700-4,200 MHz for uplinks and down- 
links respectively, Soviet channels 1-6 are clear of potential inter** 
ference on downlink and 1-4 are clear on both uplink and down- 
link. ConHning operations to these channels would permit a Soviet 
satellite to share a geostationary ''slot'' with a satellite* of another 
system, without mutual interference. 

The allocation of SHF channels to the various satellite systems 
to date is as follows. In all cases, the channel numbers quoted refer 
to figure 49. Downlink polarization is right-hand circular. 

MOLNIYA 3 

Three channels have been observed, corresponding to numbers, 6, 
and 10 in figure 49. Only two of the three appear to be occupied 
to any one time. Received signal levels are consistent with an RF 
power of some 15W to the global beam horn antenna, giving a 
beam edge EIRP in the region of 29 dBW. The constancy qf signal 
strength with change of up and down path lengths during the' 
active loop of the highly elliptical orbit, suggests a closed-loop con- 
trol of EIRP, involving the uplink terminal. 

RADUGA 

A series of these satellites have been observed, at the Statsionar- 
2 geostationary location of 35® E., over Afnca. Signals are simulta- 
neously present in the even-numbered channels 2, 4, 6, 8, and 10. 
Signal strength is comparable to that from Molniya 3, though it is 
possible that some transponders^* serve a ''northern hemisphere" 
beam, while others are global in coverage. 
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OOKI/ONT 

These spacecraft have been observed both at 14" W. (Statsionar-4) 
and olV E. (near to Statslonar-5). Channels carried are in each case 

7, 8, 9, 10, and 11, all capable of simultaneous operation. The 
Gori/ont satellities have revealed some flexibility in beam switch- 
ing, the Atlantic satellite apparently having the capability to 
switch at least some of its transponders to European spot-beain pat- 
tern, in addition to global and northern hemispheric beams. In the 
spot-beam mode, an EIRP as high as 36 dBW (beam edge) has been 
estimated, some 7 dB above the global beam power. Again, these 
values would be achieved with a transponder RF output power in 
the l egion of 15' W. Figure 50 shows the estimated EIRP contours 
for the Atlantic Gorizont. These have been derived from published 
contours for this type of satellite, combined with signal level meas- 
urements made on both sides of the Atlantic. The diagram shows 
the global beam pattern with the northern hemispheric and Euro- 
pean spot beams overlaid. 



FuumK 5U — Comrx)8ite N »p of Stataionar-4 Estimiited Beam Patterns. Contour 
Values are in dBW. Decibels Above 1 Watt EIRP 




CFIANNKL UTILIZATION 

MOLNIYA 1 

Turrcnt usage of this UHF channel is divided between two inde- 
pendent used sets ofMohiiya-l satellites. The four active spacecraft 
falling into the standard orbital plane groupings A through D 
carry a series of FM carriers, some of which are frequency-division 
multiplexed (FDMJ between 974 and 985 MHz approximately, for 3 
hours each side of apogee on the Asian loop of th.^ orbit, over the 
Soviet Union. They ara also used in their North \merican loop, 
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over Canada, though with fuwer carriers, also grouped around 980 
MHz. 

The second set of four satullites, those with orbital planen inter- 
mediate between the four standard groups, appears to operate only 
on the Asian loop, and carries an estimated 12.5 kilobits per second 
digital frequency-shift keyed [FSK] signal of 140 kHz deviation, 
close to 998 MHz. No detailed analysis of modulation parameters or 
information content of these signals has been attempted. 

The Molniya 1 satellites^ are- duel-fed at changeover, the *'incom- 
. ing** and ^'outgoing" spacecraft simultaneously carrying the sam3 
traftlc for a period of up to 5 minutes. 

Molniya 3 

The North American loop of the orbit is th^ one employed for in- 
ternal TV distribution from Moscow, on chartnel 10, to the Orbita 
rebroadcist stations serving the far northern and eastern regions 
of the Li.S.S.R. National TV programs are repeated at intervals ap- 
' propriate to feed the raiige of time zones 6f the Soviet Union, 
tnough Moscow time 'G.m.t. + I? hours) is quQted throughout. Be- 
tween the program transmissions an electronical)^ generated test 
pcvvtern in radiated, keeping the channel occupied with television 
signals almost 24 hours per day. TV programs audio is carried by a 
two-channel tiriie-ldi vision multiplex method employing two analog 
width-modulat(id pulses transmitted in the horizontal clanking in- 
terval of the modified TV waveform, A separate audio channel uti- 
lizes a 7.5 MH/^iftibcarrier added to the baseband video signal. The 
program content o** this channel is unrelated to the TV picture. 

Also on the Molniya 13 North American loop, channel 8 is active 
in a single channel per carrier [SCPC] mode. (See figure 51.) 
Among the carriers in this transponder are believed to be those of 
the Washington, DC, to Moscow Direct Communication Link C'Hot- 
Line"),2«'< with terminals at Fort Dietrick, MD, and Vladimir, 180 
km ea«t of Moacow. 
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FiGURB 61.«-SC5rc Carriers in a Molniya 3 "Channel 8" Transponder, While Over 
Canada; Frequencies, Given in Megah^^rtz. Received Sheffield, England, 
August 1980 
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Observations around change over on this loop reveal that the 
uplink is not dual fed. The "incoming" satellite is activated ap- 
proximately 1 minute before handover. At this time transponder 
noise can be seen in the downlink chann. la' S and 10. Acquisition of 
the ' incoming'' satellite by the antenna of the uplink terminal, is 
accomplished in less than 1 second, immediately after which the 
transponders on the ''outgoing" satellite are deactivated. 

On Mclniya 3's Asian loop, the satellites carry multiple carrier 
FDM/FM and FM/SCPC trafnc in the channel 6 and channel 8 
transponders. Channel 10 TV signals have very occasionally been 
seen on the Asian loop, transmitting test waveforms only. It is 
probable that, during the period of interest, the Raduga geostation- 
ary satellites have taken over TV distribution service to Orbita sta- 
tions in thoiie regions south of the limit of full-time visibility from 
the active portion of the North American loop. In this sense, the 
Molniya 3 and Raduga satellite systems are seen to be complemen- 
tary. 

Raduga 

The Statsionar-2 satellite carries the "Orbita-IV Vostok" version 
of Moscow TV in channel 10. The same type of audio pulses are 
transmitted, but in this case it is the 7.^5, MHz subcarrier which is 
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modulatwi with TV program audio, the pulse-width modulation 
[PWM] bearing an unrelated feed. Channel 6 is apparently occu- 
pied by a lightly loaded FDM/PM carrier, while the remaining 
channels transmit multiple carrier SCPC-type signals. The channel 
occupany of the Statsionar-l/Statsionar-3 Raduga is not known. 

GORIZONT 

The Gorizant satellites' primary function would appear to be the 
provision of international TV circuits for Intersputnik. The Atlan- 
tic satellite stationed at Statsionar-4 (W W approximately) has 
carried up to five independent TV feeds simultaneously. Gonzont 2 
began operation at this location in time to cover the Non-Aligned 
Nations Summit in Havana, Cuba in September 1979. Initially all 
six transponders operated, channel 8 being reserved for FDM/FM 
or TDMA telephony traffic, while channels 6, 7, 9, 10, and 11 were 
available for TV. Feeds have been seen from a number of Inter- 
sputnik members, including Czechoslovakia, Poland, Hungary, and 
the German Democratic Republic, as well as the U.S.S.R. 

By the beginning of 1980, only the channel 8 and channel 10 
transponders remained operational, but this situation was reme- 
died in July of that vear, when Gorizont 4 took over at the Stat- 
sionar-4 location with six channels, five of which were to provide 
Intersputnik and European TV coverage of the Moscow Olympic 
Games. (See figure 52.) Channel 8 remained dedicated to telepho- 
ny. 



Figure M.— RF Spectrum ;^.650-4,150 MHz, Showing Gorizont 4 Channels 6-11 
Inclusive. Received Sheffield. England, August 1980 
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Various transmitting antenna beams were in use over this 
period, bat by October 1980 utilization had fallen to three chan- 
nels, (i. H, and 10. with TV on 6 and 10, channel 6 being selected to 
the European spot beam, as with Gorizont 2. In this mode, an 



I)ou«las. N KBU (^veniKe of the \m) Summer Olympic Games, KBIJ Review Technical. 
Brussels. Jur.e M»sn. No isi. pp. 
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enerey-disperfial IKD] triangular waveform of 2 Hz, with a peak-to- 
peak deviation of 5 MHz, woe added to the TV signal (nominal 
peak deviation 15 MHz). Otherwise, no ED is used in the Soviet sys- 
tems. In firly 1981, the satellite resumed 6-channel operation, with 
channel 6 carrying Moscow Central TV's "channel 1" programs, 
channels 7 and 11 the "II Orbita" feed and channel 10 being re- 
served for Intersputnik. . . , v 

Gorizont 3, in the Indian Ocean Statsionar-5 location, has a simi- 
lar TV usage of channels 6 and 10, the "Orbita III Vostok variant 
of Moscow TV, with additionally FDM/FM telephony in channel 

^^11 TV is 625-lin«, 25 frames/second with SECAM color. Even 
when taking a PALrCoded Eurovision source, the color is converted 
to SECAM before the feed is uplinked. The PWM "sound-in-vision 
technique does not appear to have a place in Intereputnik ex- 
changes. Standard audio subcarrier frequency is 7.5 MHz, though 
8.2 MHz is also used. During Moscow Olympics coverage, further 
subcarriers were added for additional language feeds, down to a 
frequency of 5.5 MHz.^" 

Ekran 

The Ekran satellites at Statsionar-T (99° E) cannot be observed 
from the Sheffield location but the TV transmissions have been re- 
solved experimentally in Malawi and South Africa, some 13 de- 
grees off beam, a direction in which the EIRP is estimated as 30 
bdW, It is understood that the Peking (China) authorities have 
made a formal complaint to Moscow over the high level of 714 MHz 
signals reaching China, and their potential for interference to 

other services. ^ ^ , . mir u i. 

The programs transmitted are a ^ .jion of Orbita IV, between 
1200 and 1800 Moscow time. Audio is believed to be via a 6.5 MHz 
subcarrier, for compatibility with the intercarrier audio of Soviet 
domestic TV receivers. The signals, though of adequate strength for 
direct home reception within the target area, are also relayed by 
attended and unattended rebroadcasi stations, in terrestrial AM 
TV format. 
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Chapter 4 Annex 2 
Radio Transmissions From Soviet Navigation Satellites 



This is an updated extract from a paper by CD. Wood and G.E. 
Perry presented at a Royal Society Discussion on Satellite Doppler 
Tracking and its Geodetic Applications held in London, England, 
on October 10 and 11, 1978, and subsequently published in the Phil- 
osophical Transactions of the Royal Society, London, by whose per- 
mission this is reprinted here.""' 

TRANSMISSION FREQUENCIES 

Like the U.S. Transit satellites, the Kosmos navigation satellites 
transmit simultaneously in the v.h.f. and u.h.f. bands. Frequencies 
of 150.00 and 400.00 MHz were used initially. As the number of 
operational satellites increased, channels above and below 150 MHa 
were brought into operation, the 3:8 frequency ratio of VHF and 
UHF channels being maintained. Signals, when received, have ind^ 
cated an effective radiated power in the order of 10 W. The UHF 
carrier is unmodulated. 

CARRIER MODULATION 

Fifty bits/setond modulation is employed. The data to be trans- 
mitted selects a low frequency and the resulting sequence ampli- 
tude modulates the VHF carrier. The frequency spectrum is shown 

in figure 53. „ - « , tt j • 

The data to be transmitted select either 3, 5, or 7 kHz producing 
side bands a, b, or c after modulating the carrier. Only the 3 and 5 
kHz convey the binary information. Transitional encoding is em- 
ployed, binary 1 being represented by a change from 3 to 5 kHz or 
vice versa. Binary 0 produces no frequency shift. The 7 kHz pro- 
vides time synchronization every second. The low amplitude odd 
and even harmonics of sidebands a and b that are normally present 
are not shown in figure 53. 



»«' Wood. C D. and G.E. Perry. Phiiosophical Transactions of the Royal Society. London. A 
294. 1980. pp 307-;n5. 
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FiuuRK 53.— Signcl Spectrum 
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DATA FORMAT 

-> 

Every second of the VHF transmission is punctuated by the time 
synchronization pulse shown in figure 54; 17 binary bits are used to 
give a statement of real time in hours, minutes and seconds 
(Moscow time) referred to the start of the pulse. (See figure 54.) 

This pulse can extend its minimum 20 ms length up to the first 
binary 1 of the time statement, occupying the full 17 bits at mid- 
night. 

The last 32 bits of each second form an information word. 
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Figure 54.-Poeition of Encoded Time Information within Each Second 
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■TIME SYNC. PULSE 

The 1 Minute Frame and Information Blocks 

Sixty-one second lines of data produce a 1-minute data frame. 
>The seven information words starting from second 02 contain relat- 
ed data. Similarly, 7 other words of related data begin during sec- 
onds 09, 16, 23, 30, 37, 44, and 51. It is convenient to consider the^l 
minute frame as having eight information blocks, as illustrated in 
figure 55. , 
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FiuuRC 55.— CompoeiUon of One Minute Time Frame 
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When a word is received, the block, its position within the block, 
and hence its purpose, are defined by the preceding seconds value 
of the time count. 

The first two words of the frame each have 32 bits of binary 0 
and hence contain no infoii^iatioi.. Binary values in the last two 
words of each frame are also 0 with the exception of bit 35. 

Utiuzation of Information Blocks 

The first four information blocks define the transmitting satel- 
lite's position in geocentric Cartesian coordinates; blocks 1 and 3 
are identical, as are blocks 2 and 4. Even numbered blocks define 
the position 3 minutes after that given by the odd blocks. 
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On the basis of oiu» block ix?r satellite, the remaining four blocks 
in the frame contain the orbital parameters of the satellites in the 
system. The parameters of the transmitting satellite always appear 
in block 5. 

Progression op Information Blocks 

The coordinate blocks for t and f + 3 miii are repeated for ^hree 
frames. In the next three frames the information for f +3, previous- 
ly occupying blocks 2 and 4, move up to blocks 1 and 3, with f+6 
. minutes being inserted into blocks 2 and 4. Three frames later, co- 
ordinates are inserted for « + 9, Thus coordinates of the satellite at 
intervals of 3 minutes are given in any frame and are updated 
every 3 minutes. 

A system employing a 30' orbital plane spacing involves six sat- 
ellites requiring six parameter blocks. Since only four blocks are 
available in each frame, parameter blocks are repeated every 2 
minutes, making eight available. The use of seven or eight parame- 
ter blocks is not unusual, occurring when replacements are 
launched before the withdrawal of older satellites. These progres- 
sions are shown in figure 56. 

Figure 06 —Block Progression. Frame by Frame 
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• SATELLITE IDENTITY NUMBERS 

To avoid confusion, particularly in the parameter blocks, each 
satellite has an identity number. These numbers are not unique, 
and are reallocated, as necessary. 

Identity numbers fc the 30° system are in the range 1-8. The 
system with 45° spacing uses identity numbers 11-14. 
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LJFOKMATION DECODING 



Generally, information words employ normalized binary floating 
point notation. The allocation of the 82 bits to the mantissa and 
exponent is shown xa figure 57. The arrangement caters for deci- 
mal values ranging from +32768 to -32768 but excludes values 
smaller than ± 1.52587 x 10-« (See figure 57.) - 

FiGURK 57.— Allocation of Bits in Floating-Point Words 
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Words not using the above technique are spht into two or more 
subwords and employ normal binary notation with the highest sig- 
nificant bit being transmitted first. 

Coordinate Block Details 

As indicated above, the satellite's position in space is defined at a 
given time, in terms of X, Y, and Z coordinates. X is in the direc- 
tion from the origin through 00* latitude— 00" longitude, Y from 
origin through 00° Iatitude-90° E, and Z through 90° N. To enable 
the satellite's intermediate positions to be computed, each bloclc 
also contains the rates of change of the coordinates (see table 43). 

Words 1-6 use floating point notation and relate to the time t de- 
rived from a^^ubword (bits 27^27) of the seventt word; the remain- 
ing subwords are described later. 

Satellite Parameter Bixx:k Details 

The orbital parameters are contained in words and subwords as 
shown in table 44. The transmitted values remain constant for a 
week and in the 1^0° system normally refer to the first ascending 
node occurring after Friday midnight Moscow time. Direct compar- 
ison, where possible, with values given ir\ NORAD two-line orbital 
elements show.s good positive correlation between both data sets. 

The plot of e sin o) against e cos a> normally produces a circle 
with the centre slightly offset from the origin. Word 4 plotted 
against word 5 also produces a circle but with greater offsets than 
those obtained from NORAD figures. Coii. tants Ki and Ki repre- 
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sent the difference between the tWo offsets having typical values of 
+ 1.04 by 10'^ and +4.5 by lO""^ respectively. • • 

Parity and Error Checks 

^^^^"^ parameter blocks 

Binary 1 occurs 'an odd number of times in each of the seven 
words of a parameter block. While the normal position for a parity 
bit would be at the end of the word, there is strong evidence to sug- 
gest that its position may be elsewhere. Such positions are indicat- 
ed in table 44 and are those normally allocated to the exponent or 
mantissa sign. There is no conflict as such signs are -redundant in 
the particular words. For example, the inclination given in word 2 
is naturally positive, irrespective of the bit preceding the mantissa. 
Similarly the exponent of lines 4 and 5 shoiUd always be consid- 
ered negative, irrespective of the sign derived from bit 19. 

In view of the repetition rate of parameter blocks, more sophisti- 
cated error checking is probably unnecessary. 

COORDINATE BLOCKS 

Parity bits are not included in the coordinate block words. In 
view of the importance of these words in defining the satellite's po- 
sition, it is probable that more sophisticated error checking. tech- 
niques are employed. Word 7 has two undefined 3ubwords, each of 
eight bits, whose values follow no logical sequence. It is prasible 
that cyclic coding of the block is employed with the remainder, 
after modulo 2 division, being contained in one or both subwords. 
The most suitable generating polynomial is dependent on the 
number of bits included in the block before the addition of the re- 
mainder and is stil.l undetermined. 

TABLE 43.-ALL0CAT10N OF COORDINATE BLOCK WORDS 



Wofd Quanttty Unit 



•I JT coofdmale Kilometers. 

2 K coordinate ^ 

3 /coordinate ^ 

4 di/d/ Kilomei^: i»r second. 

b di^d/ . • Oo 

6 d/d/ t>o 

7 (3) Dils ?; 3/. tin>e / Minute of day 

:t) 'Ofnaming bits, see 



TABLE 44.-ALLOCAT10N OF PARAMFTER BLOCK WORDS 



I Ascending node !ongt'»ude (east) Radians 50 

? Inclination ol orbit do 2^ 

3 (a) bils 1? 23 identity number ?4 
(b) bits ?5 50 semi-maior axis kilometers ^ • ■ 

4 Constant, /f, ♦ ^ sin w 19 

6 Constant, h '-ema^ ^5 

6 Orbital period minutes 19 
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TABLE 44."-ALLOCATION OF PARAMETER BLOCK WORDS-^Continued 



Word 



Qusntity 



Unit 



Pirity 

bit 



7 (a) bits 20-23 nwth 

(5) Nts 2<-28 (Jay 

- (c) bits 29-33 how 

(d) bits 34^39 minute 

(6) bits 40-SO part minute.. 



Time of ascending node 19.. 
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Soviet Military Space Activities 



INTRODUCTION 
Definitional Underpinnings of Miutary Space Activities 

More than half of Soviet t>ace launchings to date have been in 
direct support of military missions. Table 10 of part 1 of this report 
summarizes trends in this regard. While that table shows the great 
importance of .'.nilitury 'applications in the Soviet space program, it 
also shows that the program is not wholly military in its objectives. 
'Other chapters discussing the organization, the goals and the hard- 
ware of the Soviet program show the many elements of the pro- 
gram used for scientific and civil or economic applications, which 
ftiake the diversity of the total program abundantly clear. 

There has always been an element of speculation about Soviet 
purposes in space because of their skillful use of information poli- 
cies to combine a large flood of information about many aspects of 
space flight, including the quick identification of flight names and 
orbital parameters, and at the same time they have a policy of 
tight security and secrecy over the real purposes of most payloads 
and minimal information about the technology of Earth orbital 
flight. Other sections of this report have shov«m techniques for pen- 
etrating this obfuscation to provide fairly reliable indicators of real 
Soviet objectives, flight by flight. If this is not possible on the day 
of launch, particularly with new variations, this usually can be ac- 
complished within a year or two by painstaking analysis of all the 
evidence which finally enters the public domain. It is partly a sub- 
jective judgment in the end, without Soviet cooperation, whether 
we have really explained all flights or whether there is a remnant 
where even our guestimates and intuitive feelings may be mislead- 
ing us. In general, experience seems to demonstrate that our more 
conservative views about mysterious flights in the end find better 
support than the more speculative guesses that a particular new 
event is about to lead immediately to quantum jumps in ambitions 
and achievements. . , 

The Russians have maintained they must pursue policies of se- 
crecy over some aspects of their flight program because they do not 
want to boast in advance of concrete accomplishments— which is 
just another way of saying they hate to tarnish their contrived 
image of superiority by admitting to failures which inevitably 
occur in all space programs pushing into new technology. They also 
admit that most of their launch vehicles have also been used as 
military missiles, and hence, they reason, their characteristics, 

(1035) 
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ftUist be protected a^Miin.st disclosure to their foreign rivals if their 
strategic deterrent against aggres.-jion by imperialists is to be pre- 
served. This is hard to understand when Moscow parades have in- 
cluded the Shyster, Sandal, Skean, Sasin, Scarp, Scrag, and Savage, 
among others, while they have held back pictures of the complete 
D- and G-class vehicles, as well as details on some or all upper 
stages of A-, D-, and F-class launch vehicles. The Russians have 
routinely made clear that all their launches are conducted by the 
Soviet Strategic Rocket Forces, a military organization. 

The Soviet claim is that all of their space flights are peaceful 
and scientific, while in earlier years it was common for them to at- 
tribute aggressive motives and see complete military domination in 
the U.S. program. Currently, Soviet propaganda is focusing upon 
the military potential of the shuttle. The problem of penetrating 
political semantics for scholars in a truly neutral setting, looking 
at claims and counterclaims, is not necessarily difficult, but is 
^partly a matter of philosophy rather than absolutes. For some 
years, the United States has stated that its own space program is 
wholly peaceful —using space through NASA and other civilian dc- 
pfirtmentR to help us live better in peace, and using space through 
D()D to guarantee the peace. The United States seems at least as 
reticent as the Soviet Union in disclosing real details about mili- 
tary missions in space, although it acknowledges that it does with- 
hold such information, while the Soviets pretend they have no mili- 
tary space program on which to withhold information. The Soviet 
claim that their space program is wholly scientific is valid only to 
the extent that science and technology can be treated as syno^ *- 
mous. 

Perhaps the real t ^ts of peacefulness or aggression lie \ 
labels or organizations but in intentions. Some specific acts ir 
space field are viewed warlike. These include placing weapon& of 
mass destruction in orbit— now banned by treaty— and direct inter- 
ference with the flights of other nations. Beyond that, classifica- 
tions become more nebj.lous. The bulk of space flights with mili- 
tary characteristics in both the programs of the United States and 
the Soviet Union are passive in character aiid neither violate any 
treaty nor pose any threat in themselves to other nations. 

When one tries to sort out individual space flights into categories 
which are predominately civil or military, it quickly becomes ap- 
parent that it cannot be done by responsible agency alone because 
a simple administrative change in titles of government depart- 
ments could upset classifications. The inherent peaceful or warlike 
character of flights is not ea^gily answered by the hardware and 
fliglit path, because this depends partly on states of mind and in- 
tended end objectives, which are not always apparent. For exam- 
ple, when is a weather report just an economic fact for a farmer, 
and when is it a guide to the commander of a strategic bomber 
force.^ When is an observation flight one to gather economic data to 
raise the world standard of living, and when is it a safeguard 
against surprise attack to keep the world peaceful, and when is it a 
means for upgrading target information for future conflict? This 
chapter does not try to settle such philosophic issues nor does it 
offer judgments as to what is inherently good or bad. 
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Both the Unitwl States and the Soviet Union have been reason- 
ably aware of trends in each other's military doctrine, hardware, 
and policies. They have developed whatever space systems they 
have from the same fountain of worldwide technology, although 
some parts of this knowledge and know-how have advanced at dif- 
ferent rates depending upon the concentration of manpower and 
resources in particular areas. The DOD began its Discoverer flights 
as early as 195&. while the Soviet Union introduced the Kosmos 
label for many of Its flights beginning in 1962, thus possibly signal- 
ing military activities. Even so, both countries must have started 
developing the technology for the military use of space long before 
these dates in order to be able to meet the lead time requirements 
of such flightd. Whereas the Soviet Union was first into orbit with 
Sputnik 1 in 19fi7, the United States was first in orbiting satellites 
for military and civil applications as opposed to pure scientific re- 
search. 

Soviet Statements on Space for Military Purposes 

This section reviews Soviet statements on military uses of space 
to a degree sufficient to supplement other analytical techniques in 
understanding the development of their military space program. 

Not surprisingly, a primary journal for articles of analysis of the 
military aspects of the U.S. space program has been Red Star 
(Krasnaya Zvezda). In 1965, retired Maj. Gen. Teplinskiy wrote a 
long diatribe on U.S. activities, in which he claimed that the AooUo 
program aimed at prestige was a disappointment to Pentagon lead- 
ers, and then he developed the theme that most of the associated 
work of Mercury, Gemini, and Apollo really served military ends. 
He further attributed to the United States a long list of military 
missions ranging beyond military support work to space intercep- 
tors and orbital Bombs.* -TT« 11. 

This was followed by a more detailed analysis of U.S. military 
space activities about 2 weeks later in the same paper. It traced 
work in geodesy, photogx aphic observation, infrared detection of 
missile launchings, weather reporting, military communications, 
navigation— all reflecting a detailed familiarity with the spate of 
stories carried over the years in the American trade press. But the 
author went on to ascribe to U.S. planners schemes for stationing 
nuclear bombs in orbit, and armed interceptors for battle against 
other spacecraft. Dyna-Soar was discussed, with the Gemini-derived 
Manned Orbiting Laboratory [MOLl identified as an even more for- 
midable successor. The article concluded that no matter how ambi- 
tious U.S. military plans were, they would always be exceeded in 
space by the combat might of the Soviet armed forces.^ 

Attacks on U.S policy were extended in October 1965, contrast- 
ing the purported scientific idealism of the Soviet Union with the 
claimed determination of the United States to pursue aggression by 
unleashing a new world war which would include war in outer 
space. Samos, Transit, and Secor (experiments related to observa- 
tion, navigation, and geodesy respectively) were singled out for spe- 



' Teplinskiy. B "The Pentagon, the Mud Men. and the Moon." Red Star, Jan. 10. 1965. 
••' Glazov. Col. V. 'Cosmic Weapons." Red Star, Jan. lifi and 27, 1965. 
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cial criticism, toKother with experiments conducted by the crew of 
Gemini 5 of infrared observation of a missile launch, and especially 
the threat of the Manned Orbiting Laboratory [MOL].^ 

Although these quotations are illustrative of the general tone of 
Soviet pronouncements over the years, other quite interesting 
statements also have been made by Soviet authorities in other set- 
tings. Pravda quoted Party Chairman Brezhnev himself at a recep- 
tion for Soviet military academy graduates at the Kremlin on July 
1, 1966: 

A host of all kinds of fabulous stories is now in vogue in 
the United States— that it has the most '*all-seeing'] spy 
satellites, the **greatest possible number of rockets," the 
most 'invulnerable submarines" and so forth and so on. 
But to put it mildly this does not agree with the facts, 
since the authors of such stories rely on those simpletons, 
who have never considered what rockets, sputniks, subma- 
rines, and other technical equipment the Soviet Union 
has.** 

The text of a 15J70 article on the intelligence services, which ap- 
peared in Moscow, seemed to give tacit approval for the use of re- 
connaissance satellites: 

Let us repeat, the division of labor within the intelli- 
gence service in no way signifies a desire on the part of its 
leaders to have clean hands; on the contrary they use 
secret agents to fulfill the most serious and profound tasks 
which cannot be solved by satellites, reconnaissance air- 
craft, or information centers using fast electronic equip- 
ment.^ 

The distinction was being drawn between human spies (neces- 
sary, but dirty) and modern technology (necessary and correct, if 
not applauded). 

The advent of the U.S. Space Transportation System [STS] or 
space shuttle produced a steady flow of statements from the Soviets 
concentrating on military aspects of its proposed usage. This is an 
example from International Affairs. 

What alarms the world public most is the plans of the 
Pentagon strategists to use the Shuttle in implementing 
their new far-reaching military programs in outer space. 
In addition, it can put in orbit many **cheap'' spy satellites 
as well as satellites concerned with military communica- 
tion, navigation, weather and geodesy and other military 
purposes. The Shuttle provides the basis for a new anti- 
.satellite system. It is believed that special devices will 
enable it to ** inspect" space objects on orbit, and destroy 
them or take them down to Earth in the cargo compart- 
ment. The spaceship is supposed to be equipped with laser 
weapons. U.S. military experts are considering using it for 
placing nuclear devices in outer space. The Pentagon also 



^ NtKiflva. Mc)N.'()w. No N«a- \^ l."). IHTO. pp \ \ 1.') 
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pins great hupefi on the Shuttle in the matter of deployinl^ 
a space-based anti-missile defense system. With this ^.".m in 
view it plans to build 10 permanent orbital stations over 
the next 15 years and arm them with powerful chemical 
lasers to destroy the warheads of the "enemy s ICBMs m 
flight." 

An Rrticle contrasting the peaceful Soviet-French space pro- 
grams, following the visit of Jean-Loup Chretien to Salyut 7, with 
American militarization of space made capital of the secrecy sur- 
rounding the Department of Defense's payloads on the STS-4 mis- 
sion. 

Can one regard as a mere coincidence the fact that while 
the Soviet and French cosmonauts have been working for 
peaceful purposes aboard the orbital station (Salyut 7), the 
American space shuttle Columbia was completing its 
fourth consecutive test flight for the needs of the Penta- 
gon? A military cargo aboard the Columbia has been la- 
belled "top secret" by the Pentagon. According to available 
data, this applies tu a telescope and scanning sensors for 
detectiiig "hostile" missiles and space devices. This is the 
Reagan administration's obvious step along the path of 
militarization of outer space.' 
These selected quotations demonstrate the point that the Soviet 
Union has tried to make the United States look as bad as possible 
while keeping its own freedom of action in this regard. In the late 
1950s and early 1960s, the Soviet charges were close to hysterical 
against the U.S. military involvement in space. In the middle 
1960s, they continued to point with disapproval, and to charge that 
the United States would move beyond support work to space weai> 
ons. During the early 1970s, the general tone was more muted and 
there was more indirect acknowledgement that space defense work 
is useful to both nations. This even advanced to the point where 
SALT talks on limits to weapons referred to use of "national tech- 
nical means" (unspecified, but not excluding space) as a method for 
each nation to verify the conformance of the other to whatever 
limits are agreed to in construction and deployment of weapons 
and defenses. Now, in the 1980s, the wheel has turned full circle. 

Division or Overlap, Civil and Military Activities 

It is difficult to pinpoint military use of satellites when the same 
kinds of missions are normally carried out for civil purposes as 
well. Consequently, no attempt can be made here to quantify what 
part of the hardware or the usage of shared hardware is for mili- 
tary purposes. The primary purpose of this section is to discuss in 
more general terms what military uses do lie within some catego- 
ries of flights. 



« Stashevsky. S. International Affairs in English, No 7, July 1981, pp. 62-69. 
' Dad'yants, G. SotaialiHticheskaya Industriya, July 1982. p. 3. 
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WKATHKK REPORTING 

A previous chapter explained the Meteor weather satellite 
system which is a general purpose activity serving many custom- 
ers. Weather reports are important to agriculture, fisheries, water 
resource management, and many other economic users. Weather 
reports are especially important to aviation and shipping services 
of any description. Every military branch in any nation also re- 

?iuires weather information. In the United States, weather data * 
rom the satellites of the National Oceanic and Atmospheric 
Agency [NOAA] are coordinated with the Defense Meterological 
Satellite Program, and hence the flow of information from all these 
systems moves into the mainstream of shared weather reporting. 

Similarly, it is reasonable to assume that data from the Soviet 
Meteor system is made available to both military and cwilian 
users. 

Philip J. Klass, the senior avionics editor of Aviation Week & \ 
Space Technology magazine, believed that the Soviet Union had a 
military weather satellite system as does the United States.^ He 
credited the small satellites launched from Plesetsk by the B-1 as 
the carriers of such cameras,, because he found some correlations of 
launch times of these with Soviet military observation recoverable 
flights. He suggested such military weather satellites guided the 
larger recoverables in their expenditure of photographic film. This 
hypothesis seems weak because it is believed that there would have 
been some direct evidence in signals from these craft if that had 
been the case. One can conceive of such signals being at frequen- 
cies and emitted over places in the interior of the Soviet Union to 
hide their function from Western listeners, but this represents a 
* degree of security for a relatively passive mission which is out of 
proportion to Soviet security in other military space missions. 

The Meieor satellites and certain seasonal flights of the military 
photographic recoverable series at high latitudes provide weather 
coverage of the Soviet Northern Seas Route across the top of Eur- 
asia. Soviet naval vessels are moved between such ports as Mur- 
mansk or Archangel and Petropavlovsk or Vladivostok through 
this route, when ice conditions permit, saving the long trip around 
Africa (or through the Suez Canal, now open once more). 

COMMUNICATIONS 

The earlier chapter also discussed communications by satellite, 
using Molniya and geosynchronous satellites. It is impossible to say 
what proportion of total traffic handled through these systems is of 
a military nature. The Soviets have announced that the satellites 
not onlv handle television broadcasts, but also telephone, tele- 
graph, and other data transmissions. It is known that the Molniya 
is used as a relay for space-related data transmitted between satel- 
lites and ocean tracking ships, extending this link on to Yevpatoria 
and KalininKrad, among other points. 

Thvrv are now more Molniya satellites active than are required 
for likely civil purposes. For example, the Molniya 1 satellites oper- 
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ate in one frequency band, while the Molniya 3 series operates at 
higher international frequencies, both in support of the Orbita^ 
ground station system. As described earlier, each of these Molniya 
systems provides a 24-hour communications coverage for the whole 
of the Soviet Union with four Molniya 3's in oihbital planes spaced 
at 90* intervals accompanied by four Molniya Ts in the same 
planes and four more Molniya Vs in planes midway oetween these. 

The introduction of operational geosynchronous satellite systems 
in the 1970s provided a further opportunity for continuous commu- 
nications coverage worldwide. While the Ekran direct-broadcast TV 
satellites are, in all probability, mainly or entirely devoted to civil- 
ian traffic it would be naive to pretend that the military cannot or 
does not make use of transponders on satellites of the Raduga and 
Gorizont series. However, no direct evidence of such use has come 
to light. 

GEODESY AND MAPPING 

Geodesy i8 both of civilian and military interest. Military-oper- 
ations use large volume of maps, and their giids must provide an 
accurate link and reference to places marked on the maps. Maps 
which might be accurate for one part of the world might not 
always be related to those in other parts of the world, especially 
across oceans and polar regions because the Earth is anything but 
a perfectly regular sphere. Defining the geoid (the Earth's surface) 
is a long-range task requiring many observations and much com- 
puter time. As soon as ICB^f s were developed, the military need 
for this data became urgent to locate potential targets with a high 
degree of accuracy. 

The Soviet Union says it performs geodesy from space, but it has 
not identified specific flights relating to this mission and has re- 
leased very few satellite pictures of any description taken of 
Earth— mostly shots of general terrain and clouds, taken from 
their manned flights, some global views from Zond payloads, plus 
weather satellite imagery. 

NAVIGATION 

It was shown in the previous chapter that two distinct programs, 
one civil and the other military, exist within the subset of Kosmos 
satellites flown at5 navigation satellites. Ttie civil, or Tsikada, 
system takes identity numbers from 11 through 14 whereas the 
military system of 6 operational satellites with orbital planes 
spaced at .'^O" intervals take identity Nos. 1 through 8 with Nos. 7 
and 8 given to satellites which have been replaced towards the end 
of their active lives but which are still operational. 

Although the Soviets have castigated the United States for its de- 
velopment of the Global Positioning System [GPS], or Navstar sat- 
ellites, having an openly acknowledged military function with, in 
addition to the coarse/acquisition or C/A signal available for uni- 
versal use. a precise or P-code signal which is an order of magni- 
tude better in precision and resistant to electronic countermeas- 
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ures and multipath interference,^ they have, nevertheless, an- 
nounced their intention of establishing a system, GLONASS, 
having similar orbital parameters. 

MANNED FLIGHTS 

Even before Project Mercury received its go-ahead in the early 
days of NASA, there was a proposal for MISS (Man in Space Soon- 
est) which the U.S. Air Force sponsored. Later, Dr. Walter Dorn- 
beger's concept which perhaps had its ancestry in the Eugen 
Sanger antipcndal bomber was translated into the X-20 Dyna-Soar 

£roiect. This evolved over some time into a reusable space glider to 
e launched by a Titan 3 launch vehicle as a demonstration of re- 
usable ships handling the heat load of reentry by radiation rather 
than ablation or heat sinks, methods which had been used earlier. 
But in 1963, Dyna-Soar was cancelled, and replaced by the Manned 
Orbiting Laboratory [MOL]. This was also to be launched bv a vari- 
ant of the Titan 3 using Gemini as the ferry craft. The MOL pro- 
gram was cancelled in 1969 because DOD could not justify the need 
for military man in space. Instead, the manned component '^of the 
U.S. military program became part of the space shuttle plan. De- 
velopment of th(^ shuttle is funded by NASA but design consider- 
ations such as cross-range maneuverability and cargo-bay dimen- 
sions, were made with both civil and military requirements in 
mind. The U.S. Air Force is constructing a launch pad at Vanden- 
berg Air Force Base for use beginning in late 1985. 

As discussed in chapter 3, part 2 of this study ("Manned Pro- 
. grams") the Soviet Union appears to have gone a different route in 
the use of manned spaceflight for military purposes but, as stated 
there, the Soviets do not admit to military missions on Salyut. 

Most of the missions which have been talked about as practical 
military space tasks are not that different technologically from ci- 
vilian missions. They may directly support observation, with an 
emphasis on search and close study of man-made facilities and 
human activities, rather than a study of natural resources of 
farms, forests, minerals, water supply, and oceans. 

Of the five Salyut space stations which had flown successfully by 
the end of 1980, only Salyuts 3 and 5 are presumed to have had 
purely military missions. Distinctions between civil and military- 
oriented experiments became less clear during the long Salyut 6 
flight and the dividing line now falls within a distinctly gray 
region. 

ENGINEERING TESTS 

From time to time, flights are observed from which no results 
are announced but which are followed by a prolonged series to 
which definite missions can be ascribed. Satellites in the operation- 
al series have orbital parameters similar to one or more of the ear- 
lier flights so it is not unreasonable to presume that those earlier 
flights were engineering tests related to the research ani develop- 
ment program associated with the eventual mission. Examples of 



^McDonald. K I) . " In Outer Space— A New Dimension of the Arms Race." ed. Jatmni. B.. 
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Kosmofl 8atellit(?8 having such roles in contiection with the Molniya 
and Meteor programs were cit^d in the previous chapter. 

When a missile is jvithdrawn from semce and converted to a 
space launcher, similar examples are observed, as in the cases of 
the SS-5 (Skean) and SS-9 (Scarp) in the C-1 and F-2 configura- 
tions. In both cases, the resulting launch vehicle has been used for 
a variety of space missions. 

Table 45 lists launch vehicle tests with the C-1 in the years 1964 
through 1968 and with the presumed F-2 in 1977. 

TABLE 45.-WUNCH VEHICLE TESTS, C-1 AND F-2 



^^^'^^ SSS ^ ^ X7 'Si^ m 



1964 

Aug. i8 38-40 C-1 876 210 56.2 95.2 Tactical cofnmvnicalions. 

1965 

Frt 21 54-56 C-1 1.856 280 56.1 106.2 Tactical communications. 

Mar 15 61-63 C-l 1,837 273 56 106 Tactical communications. 

July 16 71-75 C-1 550 550 56.1 99 5 Tactical communications. ' 

Dec. 28 103 C-l. 600 600 56 97 EUNT ferret. 

1967 

Mar 24 151 C-l 630 630 56 97.1 EUNT ferret. 

May 15 158 ;^C-1 850 850 74 100.6 Store-dump communications. 

1968 

Aug. 27 236 C-l 655 600 56 96.9 EUNT ferret. 

1977 

June 29 . . 921 F-2 711 644 76 98 

24 956 ^*-2 865 358 75.8 96.9 

Dec. 27 972 F-2 1.189 722 75.8 104 

'^te Rosmos 158 and tfte three f-2 Uundw oftginated from Besetsk All othei C-l launches originated from Tyuralam 

The triple and quintuple C-l launches at 56' inclination out of 
Tyuratam are considered to have been engineering tests leading to 
the development of the tactical communications satellites which 
appear as octuple launches at 74" from Plesetsk starting in 1970, 

Three further launches from Tyuratani at 56' inclination produc- 
ing single payloads in near-circular 600 km orbits with periods 
close to 97 min are thought to have been research and development 
flights for the ELINT ferret missions which were to follow from 
Plesetsk, again at 74' inclination. 

The one C-l vehicle test from Plesetsk, Kosmos 158 on May 15, 
1967, was the forerunner of the store-dump series with 100.6 min 
periods which followed in 1970. 

The three flights in 1977 with a 75.8' inclination signaled the m- 
troduction of what is presumed to be a new vehicle configuration at 
Plesetsk which Sheldon labelled F-2. The appearance on a new in- 
clination within the Soviet program is indicative of the introduc- 
tion of a new launch pad but not always of a new vehicle configu- 
ration although these sometimes go hand in hand. A discussion of 
the merits of assigning this label will be found in part 1, pages 
111-113. 
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. USES OF Sl'ACK SYSTEMS FOR MILITARY PURPOSES 
Obskkvation Missions 
optical coverage 

Photo reconnaissance, recoverable paytoads 

The announcement that Kosmos 4 had been recovered from orbit 
after a flight of only 3 days signaled the inauguration of a continu- 
ing program of recoverable aatellites within the Kosmos program 
which accounts for approximately 50 percent of all Kosmos 
launches. Figure 58 is a plot of Kosmos launches by year together 
with a plot of recoverables, 

It will be seen that the 50 percent figure has held good over the 
whole lifetime of the Kosmos program. Recently, the Soviet Union 
has identified some of these payloads as performing Earth re- 
sources missions, but their telemetry is indistinguishable from 
some of the military satellites in this category. 




FuiUKK r)X— Approximately one half of all Cosmos launches produce recoverable 

payloads. 

Launch vehicles 

For many years the recoverable payloads were orbited by the A- 
vehicle, otherwise known as the SS-6. This was derived from Khru- 
shchev^s ICBM which made its first flight in August 1957. Two 
months later, in the A configuration, with a central core and four 
strapons, it was used to launch Sputnik 1. Addition of an upper 
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stage produced the A-1 configuration used for 'the early lunar 
probes and the manned Vostok spacecraft. Twenty-five years after 
<j^its introduction, it is still in use today with a more powerful upper 
stage as A-2 used for launching the manned Soyuz spacecraft. 
Until 1980 the A-vehicle had been responsible for the orbiting of all 
the recoverable Kosmca payloads, first as A-1 and then, f-^Uowing 
the introduction of a more powerful upper stage in 1963, solely as 
A-2 since 1968. With the introduction of flights at 82.3', most of 
which are designated as performing Earth resources missions, the 
late Dr. Charles Sheldon hypothesized in 1980 that, as SS-9s 
became militarily obsolete, they redeployed as space launchers in 
an F-2 configuration. Just as the SS-4 derived B- vehicle was 
phased out and replaced by the SS-5 derived Ovehicle, it may well 
be th^t the F-vehicle will take over completely from the A, at least 
for all launches unconnected with the manned spaceflight program. 

All launches from 1976-80 were made by the A-2 or the suspect- 
ed F-2 vehicles. A-2 launches are summarized by mission category, 
launch site, inclination, shortwave telemetry transmissions and re- 
covery beacons as identified by the Kettering Group, and mission 
duration in table 46 which follows. A-2 launches are dealt with in 
table 16 (a) through (e) and F-2 launches in table 46(f). 
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TABLE 46,-MILITARY PHOTOGRAPHIC RECOVERABLE MISSIONS 

k lOWr KSOkUnON. NOMMAMEUVCIHMG. A-2 LAUNCHfD. POM TKANSMtSSIONS ON 13.994 mt 



Tyuritwi 



Pietttsk 





65.0' 


71.3V714' 


62.8' 


72.9* 


81.3V81.4' 


1376 
1977 
1978 


809(12)G 

819(12) 

856(13)G* 

914(13)^ 

966(12)* 


799(12) 

889(12)G 
904(14) 
973(13)* 
992(13) 


848.(13)* 

922(13) 

984(13)F 
1004(13)0* 


840(12) 
865(12)* 


813(12) 

834(12) 

879(M)G 

898(13)G* 

935(13) 

995(13) 



mi 

1 Kovws tauncitn Mwm by lauoch u\n md w^lm Kosmos numbir n fu. ^ by ttte fti|tit-dufition m ^ sJwwn a pwenthnts. 

2 The kwv G or f f^lti M ettttcr a TO ol TF ncovwy bucon wis obMrvid b¥ the Kctterini Group 

3 Fbghts tiKwn With )fl Mtefisi a pdubid payload. Wttti tttt exciptjon o( KMnos 966. isiWiffA tcftflMtfy ifldicated ttn presence of a scientific piduback piyioad. 



1976 



C. HIGH RtSOCUTKM. MAHeUVERABU. A-2 IMJNCHEO StMPlE FSK TRANSMtSSlOffS ON 19.939 MHi. 



PUsetsJi 



65.0V65.r 



703770.4' 



71.4* 



62.8* 



67.:V67.2' 



72.8772.9' 



81.3781.4' 



802(14)F 

817(13) 

835(13) 

852(13) 

859(11) ER 

866(12) 

844(12) 



806(13)F 
824(13) 



788(13)F 

810(13) 

833(13) 

847(13) 

857(13) 

863(11) 



821(13) 



815(13) 
820(12) ER 
854(13) 



FRir 
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\m. 



9(»(14)F 

8U(13) 

920(13)F 

932(13) 

957(13) 



986(14)F 

989(14) 

1021(13)F 



999{13)F 



1979., 



1113{13)F 



1120(13)F 



1170(11) 
1173(11)F 



■907(11) 
915(13) 
934(13)F 
93a(13)F 
9S3(13)F 
969(14) 
974'(13)F 
987(14)F 
1003(14)F 
1029(10) 
1031(13)F 
1042(13)F 
1050(14)F 
10S9(13)F 
1068(13) 
1071(13) 
1073(13) 
1117(13)F 
1128(i3)F 



1148(13) 



1214(13) 



829(13) 
896(13)F 
897(13)F 
927(13) 



993(13) 

1007(13)FER 

1022(13) 

1047(13)F 

1049(13)F 



1078(8) 
1080(14)F 
1098(13)F 
1107(14)F 



116S(13)F 
1187(14)F 
1189(14)r 
1200(14)F 
120S(14)F 
I213(14)F 



902(13) 
912(13) ER* 
948(13) ER* 



1010(13} 
1033(13)K ER* 



1099(13) ER 
110S(13)K ER* 
1108(13)K ER* . 
1115(13)K ER* 
1123(13)XER* 
1127(13)FER 



Notes. 

1 Kosmos Uuncftes ?ubdividid by l«MK^ md ndinatign. Thi Kosmos numbir b toilovMd by tttt fiifhtHdurition in day) ^hm in parens. 
2. IN letter F or K Afcites that irther a IF or a TK recovery beacon was observid fay the Ksttenni Group. 

3 Flifltt) arviounctd is performini Eartti resourcts mtsslorts are foiowid by the letten ER. 

4 FiitMs Vtown wtt) » astensk carrsd a picfcabadi piytoad 

5 \nf^. maneuvfn m% not obMfved wttt the t^ki^ ttosm Afhts— 912. 94S. 1033. 1107. 1200. and 1202. 

6 mdnation of Koynos 1120 wis aftnounced as 70.o*. 

A subset of Mftits wtucA maneuvered to near-ctrojiar ottits wittt perife^ above 300 iiffl were not identifM as separate missions by Or. SMlon but are shown totether tn table (c) wtiic^i foHows. 
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C mSmtH «SOtUTK)il (?) A-2 UWKHCD. nMWm to a HmH. KW-XHICWAII OWIT TWAWS THC CNO Of TK n«T WY in OWT. SWPU FSH TWWI«SSI0«S HHr ' 



(2r 



72i772.9' 



1976 867(13)F 

1977 958(13) 

1979 1103(14)F 

1111(1S)F 



1976 

1977 

19W 



1095(14 
1126(14 
1138(14 
1142(13 
1147(14 
1149(14 
1155(14 
1165(13 
1166(14 
1178(15 
1183(14 
1216(14 
1221(14 
1224(14 



1026(4) 



100cvl3)G 
1060(13) 



91«(12)* 

950(U) 
1012(13) 
,1044(13)G 
1061(13)G* 
|1068(13)L» 



•n(i2)» 

•55(12)» 

947(13)G 

9M(12)L* 
1041(12) L* 



J 



Nrtei As atove 


0. tow RESOLUTION. A*2 LAUNCHeO. SiMPlE FSK TRANSMISSIONS ON 19.994 MHz. 


5 

> 






Tyuratim 


PtlNtSfc 






51V 65.0765.1' 62.8' 


72.9' 


81.3711.4* 



1032(13)6 



1S79.. 



1980.. 



NoMS; 



1070(9) 



niO(12JL« 



1090(l3)G 
1139(13)1* 



Itt'^jlior iA diys shown lo paraniMses. 



1102(13} fit* 
1106(13)6 (R* 
1118(13) ER* 
111I(12)L* - 

1122(13) W 



\ Kwnoi \mM MbMid by Uwidi all iDd Mimtion. Thi Koimoi nurnbv H "ikm by tf4 f«| 
? ISfvS'^LJ^^Lli I TG Of J TL neoviry toccn w otoifvid^ 9w Kittirmi I 

a wis iM^UfKSd M pi^^ 

FMMhnin N«i m isiirnk cimid a pduMi piyM. 

5 Kovno^ nunttn m boid fact fHw mm wth a prtsumad mappHig and teodny rofe 

«. la«M to oMvi a ricavini biacoA foMni tfii iMxpicM raeowy of Keyma 1026 aftir only 4 days dots not parmit aDocjton o< this flight ;o a mappmg and geodesy nwisiofl «nth any certainly. 



F fOWIH G£N£RAT)ON WITH bOWP PANELS. HIGH IIESOtUTION. A-2 UmNCHEO. M) SHOfiTWAVH TElFWnRY [HSCOVERtO. 



TywaUffl 



649* 



— « ■ 

1976 

197? I' 

1978. 

1979..... 

1910 , 1218(43) 



m 



949(30) 
1097^30) 



Piesetsk 



6MV67 2' 



805(20) 
.844 exploded. 
905(30) 
1028(30) 

1079(12) may have malfunctioned. 

1121(30) 

1144(32) 

1152(13) 

1177(44) 

1208(29} 

1236(26) I. 



Motes- As afiow 



5» 
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f POSSIBLE f-i LAUNCHES. SiMPlE fSX TRANSMISSIONS ON 19 9>9 MH2. PIESEISX. LAUNCHES AT 82 3'. 



1910 



li82(l3)P 
120l(13)KP « 



1203(14)F P 
I207(13)K ER 
1209(U)f P 



1210(14)F 

12ll(ll)L{ 

1212(13)KP 



? flH Hflif f . X or L ndKatfs thit iitMr Tf. TK or Tl r«ccMry biacora win otnrvid tiy tt» KittiriM Group. 

J Koms 1211. MdKiifd by $. trmmM on 19 994 MH2 m rs prisufflid to nive pirtormad i miffm »fld MOtfesy role. TMs is supportid by ttK Tl recowy beacon. 

4 fhi mifMitf of tafiU m this subMt mti mouncatf M pirtofnwvi Ejrtfi ritfwcis niosm. Littin iff or P Totowifli ttM Kosmos numter mauti tudi mittofts. ttw P deMtini thuc wire aoAOWKOd as npurtinf rasutts to ttii 
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Flight durations 

While during the first year, the average duration of flights was 
4.B days, this quickly stabilized for the ne?ct 7 years at about 8 
days. From 1976-1980, flights were mainly of 12 to 14 days dura- 
tion, but the introduction of a fourth generation spacecraft, pre- 
sumably equipped with solar batteries, has seen the extension of 
some missions to periods of 4 to 6 weeks. Those brought back in 
shorter times, in a few cases may reflect malfunctioning equip- 
ment, but more often seem to be associated with crisis situations 
where a quick look for order of battle determinations makes it 
more important to have pictures in hand than to obtain maximum 
use from the pay load. If it is impossible to orient the flight for re- 
covery, or if retrofir • fails, the payload is exploded to prevent its 
random decay in some, place outside Soviet territory in nearly 

intact form. , . ^ 

A novel way of looking at mission durations is to plot, in terms 
of days of the week, launch against recovery. Such a plot is given 
in flgure 59. 



ii(t ri'Ht'i -1' nm \ It |o*iii.iMci 
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Figure 59 -RECOVERABLE PHOTO-RECONNAISSANCE COSMOS SATELLITES 

1976-80 

The 12-, 13- and 14-day missions are seen to lie on diagonal lines 
and to account for a preponderance of the missions. The only 
Sunday launch which was recovered on the following Saturday, 
Kosmos 964, was also a 13-day mission and, if translated to an adja- 
cent grid, woulu be found to lie on the 13-day line. Al«) the two 
Monday launches with Saturday recoveries, Kosmos 865 and ybb. 
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were 12-day missions and, likewise translated, would be found to lie 
on the 12-day line. The reluctance to launch (three times only) and 
recover (six times only) on Sundays is clearly evident. 

A later section shows how flight duration is usually constrained 
by considerations of complete \photographic coverage ovey a given 
region. 

Flight durations as integer numbers of days are given in paren- 
theses following the Kosmos numbers in table 46. 

Launch sites 

Until 1966, all military recoverable launches were made from the 
Baikonur Cosmodrome, to the east of the Aral Sea. The launch 
pads are located much closer to the old town of Tyuratam and the 
new city of Leninsk, built to serve the needs of the manned space- 
flight program, than to Baikonur itself, which is more than 350 km 
to the northeast. Consequently, Western analysts usually refer to 
the site as Tyuratam. This site, used for the launch of the first 
Sputnik and still the main site for R&D, can be considered as the 
Soviet counterpart to Cape Canaveral. All of the manned space- 
flight missions, lunar and interplanetary probes, and geosynchro- 
nous satellites have been launched from here. 

Use of the second launch site at Kapustin Yar, near Volgograd, 
has been restricted to small payloads, sometimes having announced 
scientific missions, launched as vertical sounding probes or placed 
into orbit by the smaller launch vehicles. 

The launch of Kosmos 112 on March 17, 1966, marked the open- 
ing of the third cosmodrome near the town of Plesetsk, within the 
Arctic Circle to the south of Arkhangel'sk. Since that time, the ma- 
jority of the recoverable Kosmos payloads have been launched from 
there. In 1979 and 1980, Tyuratam launched only two and three 
such payloads. Plesetsk is used for near-polar inclination orbits and 
is the Soviet equivalent of the USAF Western Test Range at Van- 
denberg Air Force Base. Although more launches have been con- 
ducted here than at any other site, Soviet or American, the exist- 
ence of Plesetsk was not openly acknowledged by the Soviets until 
1983. 

Flight altitudes 

Table 46 does not include information on the altitudes of the 
flights. That information is provided in the master log of all flights 
which appeared as appendix III of part 1 (p. 395) of this study. 

A|H)gee8 have ranged between 200 and 450 km, with 300 to 350 
probably most typical. Perigees have ranged from 147 km upwards. 
The maneuverable satellites often lower their perigees during 
flight to improve resolution or to stabilize their ground tracks. Fur- 
ther maneuvers, including a compensating raising of apogee, may 
be necessary to maintain the flight for its full duration. 

Commencing with Kosmos 867 in 1976, some flights have raised 
their perigee to above 300 km during the early states of the mis- 
sion to produce interlaced ground track coverage. These are listed 
separately in table 46(c). 
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Flight inclinations 

Tyuratam alone has been used to send flights to inclinations 
around 52*. Plesetsk alone is still used to send flights to above 81*. 
Both sites come close to duplicating each other's coverage in the 
range from 65* to 78*. 

Initially, a pair of flights was sent each spring to about 81* lati- 
tude, presumably to give coverage of the ice movement along the 
Northern Seas Route across the top of Eurasia. The Kettering 
Group also demonstrated that sending summer flights at about 52* 
woula give twice-daily coverage of northern hemisphere target 
areas of interest, during ^ood dajrlight hours. 

Some other reasons influencing choice of inclination are to 
obtain coverage of areas of interest, either as soon as possible after 
launch, or to coincide with favorable lighting conditions, or to be 
timed to match some ground event. 

Introduction of the presumed vehicle increased the maxi- 
mum value of the inclination to 82.3' and those flights have taken 
over the ice surveillance missions in addition to performing Earth 
resources missions. 

Recovery procedure 

Recovery procedure is based on Vostok technology in which atti- 
tude is determined by optical sensing of the horizon prior to retro- 
fire. Following retrofire, the spherical pay load is detached from 
the servico module and begins its ballistic re-entry. The transmit- 
ter in the service module continues to transmit until the module 
burns up in the lower layers of the atmosphere. Some 6 or 7 min- 
utes later, when the recovery capsule is at a height of some 8 or 9 
kilometers above the Earths surface, a pressure-operated device 
deploys the parachute system and actuates a recovery beacon to 
assist the ground crews in its location and recovery. Descent on the 
parachute lasts some 7 minutes. The moment of touchdown is sig- 
naled by a marked reduction in the strength of the signals from 
the recovery beacon transmitter and the duration of the transmis- 
sion thereafter is a measure of the accuracy of prediction of the re- 
covery area. 

Recovery beacons 

Following the loss of the shortwave telemetry from Kosmos 114, 
as the instrument package burned up on reentry, a Swedish stu- 
dent, Sven Grahn, recorded a continuous sequence of Morse code 
TK groups on 19.995 MHz. Later in 1966, a similar transmission 
was recorded in Kettering following the recovery of Kosmos 
126.** As time went by, it became clear that such signals originat- 
ed from the recoverable capsule and were intended to assist recov- 
ery teams in locating the payload. The mean interval between loss 
of the PDM transmission and the onset of TK's was 6.75±0.5 min- 
utes. The TK transmission begins at the instant the parachute is 
deployed. An abrupt decrease in strength some 7 minutes later in- 
dicates the time of touchdown. The length of time for which the 



Perry. G E "SpuceniKht." London. May 14. 1072. p. 184. 

Perry. G E- and S. Grahn. •*Spact?flight/* London, vol. 10. 1968. pp. 142-143. 
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TK's persist after this is a inuasure of the precision of the recovery. 
There have been occasions when the signals have ceased abruptly 
in less than 7 minutes without a prior decrease in strength, raising 
the possibility of mid-air recoveries. . . „ , , . , 

Pen-recordings reveal that the dash ot the T has twice the dura- 
tion of the dash in the K. Nevertheless, such signals have becor.ie 
known as TK's in the Western worlf'.. Horst Hewel, of West Berlin, 
pointed out that TK's were sometimes transmitted simultaneously 
on both 19.995 and 20.005 MHz. u a fvn> 

As time went -by, other recovery beacons were observed, lus 
were transmitted on 20.005 MHz by first generation, low resolution 
satellites. These have not been used since the extended duration 
first generation satellites were phased out. TF s continued to be 
used by the third generation, high resolution satellites and some 
which have been designated as Earth resources missions. TL s are 
reserved for the special subset of satellites believed to have a map- 
ping and geodesy role. The TV's are now believed to emanate trom 
capsules jettisoned during the long-duration missions of the fourth 
generation satellites. The common factor of the T in all of these 
is justification for placing the T first in each pair of letters. 

Figure 60 shows strip-chart representations of the various recov- 
ery beacons. 
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Figure 60.— Recovery beacons 

Variants in pay load types 
Soviet Space Programs, 1971-75 combined changes in launch ve- 
hicle with observed changes in telemetry format. Separation ot A-1 
and A-2 launched payloads was possible because the final stage ot 
the A-2 rocket is about 3 times as long as that of the A-1 when it 
is discarded in orbit. Optically, the difference in stellar magnitude 
makes it possible to distinguish the two sizes, and radar signature 
analysis provides more specific measurements. * ^ The inference was 
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that payloads put up by a more powerful upper stage probably had 
an improved camera system that permitted higher resolution pic- 
tures. Two distinct telemetry modes appeared within the A-2 
flights and, at times, both could be observed during the same mis- 
sion, It was assumed that there might be more than 1 degree of 
resolution, with perhaps the simpler camera systems leaving sufti- 
cient weight and room to allow carrying other sensors to permit 
synoptic measurements of military interest. This hypothesis, which 
at first was hard to prove from public evidence, in time received 
added support when the later generation flights appeared. There 
were similar differences and cross links in telemetry patterns sug- 
gesting a continuity of function, and the later generation flights 
definitely could he sorted into maneuvering and nonmaneuvering 
payloads, strengthening the implication that fine maneuvers were 
to position high resolution cameras, while absence of maneuver 
was more likely to mean wider area coverage in search missions at 
lower resolution before the detailed study at high resolution. 

The payloads themselves have not been put on display. From the 
general launch patterns and orbital behavior, the assumption has 
been that the first generations of military observation flights prob- 
ably used essentially the same system as Vostok/Voskhod which, 
even though manned, operated either automatically or by ground 
control, so that a minimum change in the hardware for the vehicle 
bus and service module would be required to move from the 
manned program to the unmanned military flights. This view gains 
support from models of the international biological Kosmos satel- 
lites displayed in exhibitions. A drawing of such a model is given as 
figure 6-1. These biosatellites comprise a service module incorpo- 
rating a retro-rocket and four swivelling maneuvering thrusters to- 
gether with radio antennas and gas bottles, attached to a spherical 
capsule, something more than 2 meters in diameter, which carried 
white rats and other biological specimens. A flat cylindrical scien- 
tific package with shutters for active thermal control was mounted 
forward of this in the manner of the scientific pick-a-back payloads 
known to have been carried by some of the military recoverable 
satellites. In the reconnaissance version the spherical capsule 
would carry the cameras and film magazines. Figure 62 is a con- 
cept developed by Grant Thomson of the Kettering Group showing 
how Soviet-type photographic equipment might be accommodated 
in such a capsule. 
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Figure 61. — Koemoe Reconnaissance Spacecraft 
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(S) Q. H< Thomm 1984 

Figure 62.— Poesible Vostok Capeule Used for Film Camera HouBing for Photo-Recon 

Misaion 

Thomson assumes the use of an f/9, 3,8 meter focal length Casse- 
grain optical system. Access to the internal equipment and film 
magazines would necessitate the removal of the lens cone from the 
spherical capsule and ancillary items of equipment could be in- 
stalled in the space available parallel to the section shown. The ca- 
pacity of the film spools in this concept would be approximately 
1,400 meters. * 

Some analysts suggest that the fourth generation satellites are 
derived from Soyuz technology employing sol^r batteries for power 
throughout their long-duration missions, but Ho- evidence of solar 
panels is available from visual observations. The advantages of the 
Soyuz system would be greater ability to maneuver, and develop- 
ment of some lift during the reentry phase, because of the change 
of the shape of the reentry body. 

Monitoring the in-flight radio transmissions as well as the recov- 
ery beacons has enabled four generations of recoverable satellites 
to be distinguished. Shortwave transmissions on 19.994 MHz and 
later on 19.989 MHz were frequency-shift keyed (f.s.k.) .^ith the 
"off" periods being transmitted on the second frequency. The te- 
lemetry frame format consisted of a train of rapid synchronizing 
pulses followed by 15 words transmitted at a rate of approximately 
1 word per second. These words were pulse-diiration modulated 
[PDM]. 
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It waH found tluit, lor' the finst generation satellites, the frame 
existed in two pairs of modes, one mode of each pair being associat- 
ed with the post-retrofire phase of the mission. Three types of satel- 
lites were observed: mode 1-only, mode 2-only, and those which 
changed from mode 1 to mode 2 in midtransmisson. The first of 
these came to be associated with low resolution missions of the 
area surveillance category. These satellites had TG recovery bea- 
cons on 20.005 MHz. On occasions, TKs were observed simulta- 
neously on both recovery beacon frequencies providing yet another 
type of classification. The introduction of extended duration mis- 
sions from 8 to 12 days coincided with the repositioning of a very 
long duration word within the telemetry frame. Sometimes this 
word was not very long initially, but lengthened suddenly towards 
the end of the mission and this was shown to be related to the ejec- 
tion of a scientific pick-a-back payload from which results were 
eventually reported. 

A new type of transmission consisting of 12 groups, each of 3 
Morse code characters, on 19.150 MHz signaled the appearance of a 
second generation satellite having a maneuverable capability. Each 
group was foriiiH of characters giving seven pulses per group in a 
2-J{-2 configuration with the exception of one 3-1-3 group which 
served to denote the start of the frame. These represented 7-bit pul- 
secode modulation [PCM] binary code in which the first digit 
rather than the last was the least significant bit. The sixth group, 
which was invariably MWI throughout the main part of the mis- 
sion, changed to MRI on the day prior to recovery at the same time 
as an additional piece was cataloged in orbit. The numerical value 
of the seventh group increased steadily during the flight and was 
shown to be a film exposure counter. 

Third generation satellites, still used (extensively today, employ a 
different type of fs.k. transmission on 19.989 MHz. which appears 
to be a tracking beacon lacking any telemetnc information. Each 
tone is transmitted for equal durations and times for oni complete 
cycle are typically between 1.5 and 1.75 seconds. Variations in 
cycle-duration serve to distingui^^ between different payloads in 
orbit simultaneously. Amplitude-.nodulated [AM] data is transmit- 
ted on command on 232 MHz in the VHF band. 

Certain designated Earth resources missions have a TK recovery 
beacon, but most third generation satellites transmit TF on recov- 
ery. As reported in the previous chapter, the TK beacons originate 
from Earth resources payloads flying at a height of 220 km 
throughout the photographic arc, rather than at 270 km. The 
Earth resources missions had their origin in flights at 81. 3"" inclina- 
tion timed to coincide with the break-up of Arctic ice along the 
northern seaboard of the Soviet Union. These have now been su- 
perseded by the F-launched flights at 82.3°. Some, but not all, are 
announced as reporting to the Priroda (Nature) Center. 

A special sub-set of satellites, transmitting the two-tone tracking 
beacon on li).994 MHz, exists within these third generation mis- 
sions. These do not maneuver and have a TL recovery beacon in- 
stead nf the usual TFs or TKs. They are thought to perform geodet- 
ic survey and mapping missions enabling correlation of interna- 
tional mapping grids for precision targeting of missiles with 
MIRVed warheads. 
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Recoverable Kosmos satellites which do not transmit on any 
shortwave frequency known to the Kettering Group first appeared 
in 1975 at the new inclination of 67.2'. Two of the first three frag- 
mented in orbit, but these satellites are now seen to consititute a 
fourth generation. Frequency-modulated [FM] transmissions on 240 
MHz have been observed at both low and high data-rates. Perigee 
heights are generally lower than for satellites of earlier genera- 
tions, normally close to 175 km but occasionally falhng^below lbO 
km, necessitating regular boosting to overcome drag and maintain 
orbit. Imagery is probably returned digitally from orbit and film 
capsules are returned to Earth around the 9th and 18th days of the 
mission. Recovery beacon signals from these capsules take the form 
of a succession of TVs. These sate Uites are generally launched later 
in the day than those with 14-day missions to ensure suitable light- 
ing conf itions over the target area at the end of the flight and peri- 
gee is relocated to the southbound pass in the latter stages of those 
missions exceeding 4 weeks. 

Photo coverage 

Following an initial period of K&D, payloads were routinely re- 
covered after flights of 8 days.. Studies of the ground-tracks re- 
vealed that orbital periods were chosen so that the gradual daily 
drift of ground-track every 16 revolutions made those on the 8th 
day coincident with those on the 1st, thus ensuring complete cover- 
age of the whole area of the Earth situated between northern and 
southern latitudes having the same value as the inclination ot the 
orbit to the equator. Thus, a satellite with an orbital inclination ol 
65* could, within 8 days, photograph all the globe lying between b5 
•N and 65 'S although it is not suggested that it would do so be- 
cause a large fraction of the Earth^s surface is covered by water. 
The rate of daily drift is a function of the cosine of the inclination 
and this was evident in the small differences in orbital peri(^s 
chosen for the preferred inclinations of 81.3', 72.9', 65 and 51.8 . 
Even with the longer duration missions which were to tollow as 
time went by, the criteria for complete coverage were still satisfied 
for the nonmaneuvering search-and-find missions. 

The trend towards longer mission durations is direct corollary ot 
a general improvement in photographic resolution. Use of longer 
focal length optics providing increased resolution on the same lilm 
format results in a narrower swath being recorded. Consequently, 
to obtain uninterrupted coverage with the requisite overlap, 
eroundtracks must be more closely spaped. Since perigee heights 
have always been as low as practicable consistent with keeping 
" drag to a minimum, the closer spacing and lower orbital period is 
obtained by lowering the apogee. , .... ^. „ «p 

A maneuvering capability was introduced with the appearance ot 
the second generation satellites in 1968. This enabled the orbit to 
be stabilized on reaching the desired location so that the satellite 
followed the same ground-track over the target on successive days 
providing a close-look capability. This was accompanied by the use 
of first generation satellites to fly area-surveillance missions with 
an extended duration. These extended duration first generation 
missions persisted even after third generation satellites replaced 
the second generation for the close-look missions in 1974 and were 
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Mast flown in 1978, Since that time, area surveillance luas been 
achieved by flying third generation satellites with much higher 
perigees and usine the interlaced coverage. The 92,4 min period 
causes the second day's eround-tracks to fall almost exactly 
midway between those of the first day. Drift once again ensures 
complete coverage but each half of the target area is sampled on 
alternate days. 

It is difficult to make estimates of the degree of resolution that ia 
obtainable without access to the actud imagery. Claims that Satel- 
lites can road newspaper headlines from orbit would seem to be 
wildly exaggerated. It has been suggested that photoscales of 
1:21,000,000 for the search-and-fmd type of missioi;. 1:250,000 for 
quick-look coverage, and 1:50,000 for close-look missioi:s represent 
reasonable estimates. With a moderate resolution of 3& to 50 
cycles/mm for a low-contrast target it should be possible to make 
out the general outline of small vehicles such as cars or even {small- 
er continuous features such as well-used footpaths. ^* 

The extended durations of a month or more for the fourth gen- 
eration satellites require modifications to the flight patterns of the 
earlier generations. Generally, these fourth generation flights are 
launched later in the day' to ensure useful lighting conditions over 
the target areas at the end of the mission. Peter Wakelin, of the 
Kettering Group, has evolved a formula for the calculation of the 
"longitude of local time," L degrees, 

L=A-(T-720)/4 

corrected to lie between ±180' by adding or subtracting 360 if nec- 
essary, where A is the longitude of the ascending node of a given 
revolution mea.sured in degrees West, and T is the time of this 
northbound equator-crossing expressed as minutes after midnight 
GMT. Calculations of L for these missions at times near to the 
liiunches and terminations reveal groupings by inclination and du- 
ration which can be used to decide whether or not a particular 
flight falls into a given category. As might be expected, the value 
of L increases in a westward direction throughout a mission and, 
for flights with durations in excess of 40 days, has a value close to 
ISC' at the end. For these flights, maneuvers are made after 4 
weeks to relocate the perigee to the southbound pass in order to 
ensure suitable lighting conditions at the time of the near-perigee 
pass over the target area. 

Nicholas Johnson, of Teledyne-Brown Engineering, claims that 
there is a very tight constraint on the initial lighting conditions for 
all recoverable photographic reconnaissance flights, pointing out 
that, independent of the inclination, these satellites reach their 
southern apex at almost identical local solar times. 

Johnson also produced an algorithm for classifying these recover- 
able photo reconnaissance missions embodying long-established 
techniques based on orbital parameters and maneuverability, 
adding a further criterion relating the perigee velocity to. an image- 



Thomson. G H.. British Journal of PhotoKraphy. vol. 127. 1980. pp. 11B4-1165. 
Thomson. G H.. British Journal of Photography, vol. 126. 1979, pp. 774-775. 
'* Johnson. N L. Air : orce Magazine. March 1981, p. 92. 
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ft movement compensation process. The high correlation between 
his classification and those of the Kettering Group based on crite- 
ria of transmission frequency^ telemetry format and recovery 
beacon provides strong support for the contention that these mis- 
sions have a photographic reconnaissance role. . . » 

Examples of.^he various mission profiles employed are given ui 
the annex to this chapter. . 

Identification of possible targets 
Soviet Space Programs, 1971-75 gave examples of various occa- 
sions on which the probable target for these missions could be iden- 
tified with reasonable certainty, notably in the cases of the Indo- 
Pakistani and Arab-Israell^ars. The best current example is pro- 
vided by observations for what was presumed to be an atmosphenc 
test of a nuclear device by the Republic of South Africa in 1977. 
This was identified by Bhupendra Jasani, of the Stockholm Inter- 
national Peace Research Institute." Kosmos 922, a low-resolution, 
area-surveillance type made passes over the test site on July 3 and 
^ 4. One week after it was recovered, a maneuverable, high-resolu- 
^ tion, close-look satellite, Kosmos 932, was launched from Plesetsk. 
Two days later, just before passing over the test site. Its perigpe 
was lowered to stabilize the ground-track and give four good passes 
over the test site between\July 21 and 24. Its apogee was then 
raised to preserve its 13-day mission. Kosmos 932 was recovered on 
August 2. Some indication of the speed of processing date can be 
obtained from the fact that, only 4 days later, the Soviet Union in- 
formed the United States, France, the Federal German Republic, 
and the United Kingdom that South Africa was secretly preparing 
to detonate an atomic explosion in the Kalahari Desert. After con- 
siderable diplomatic activity, it was announced that South Africa 
had promised that "no nuclear explosive test will be taken 
. now or in the future." , ^. ^ u 

Herman and Baker give a number of instences when, they 
claim, Soviet satellites h^e overflown certain tergets prior to, or 
during, periods of military importence or crisis. Some of these con- 
nections have been made by other authors whose publications are 
cited in thejr book. These include the Indo-Pakistani conflict in 
1971, the October War in the Middle East in 1973, and the poten- 
tial detonation of a nuclear device by the Republic of South Africa 

just described, , . . , . , • • 

Other examples are less convincing being based mainly on coinci- 
dences between particular events and Kosmos satellites listed in a 
comprehensive table of launches in the TRW Space Log. Great care 
must be taken when adopting such an approach, particularly in 
more recent times when something approaching continuous surveil- 
lance has been achieved. The claim that Kosmos satellites gave 
some forewarning of the first Chinese nuclear test in 1964, while 




• •Johnson, N.L. Journal of Britiah Interplanetary Society, vol. 34, 1981, pp. 197-199. 
"SIPRl Yearbook 1978: Woild Armamenta and Disarmament. London, Taylor and l-rancu. 

^^^•'i^arder, N , and D. Oberdorfer. Washington Poet, Aug. 28, 1977. ,™ . l 

>» Berman, R.P., and J.C. Baker. Soviet Strategic Forces— Requirements Response (The ilrook- 
ings luititution. 1982), app. E. pp. 155-164. 
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not totally disputed, docH not Htand up weli to closer investigation. 
Berman and Baker write, 

They had launched two recoverable satellites in August 
and two in September 1964, including one whose orbital 
parameters would have taken it in over China. Two days 
before the Chinese nuclear detonation, in October, the 
U.S.S.R. launched a satellite that was recovered after only 
a 6*day flight (a normal mission was 8 days). 

The two references cited were both to the TRW Space Log 1975, 
pages 49-50. Inspection of that publication shows, correctly, that 
one recoverable satellite only, Kosmos 37, an 8-day flight at 65' in- 

. clination, wto launched dunng August. Of the two recoverable sat- 
ellites launched in Sept^ber, Kosipios 45, a 5-day flight, also at 
65^ was announced as having carried a meteorological experiment. 
Kosmos 46 flew for 8 days at an inclination of 51.3'. Presumably 
this was the satellite whose '^orbital parameters wBuld have^token 
it over China." Since only a small part of China lies above SO 
and no Soviet reconhaissaifce satellite has flown at inclinations of 
less than 5r, it will be seen th^i^ch a claim is meaningless be- 
cause all Soviet recoverable reconnmssance satellites overfly China. 
Furthermore, if 51.3* wab such a special inclination, why did 
Kosmos 48, launched 2 davs before the detonation, fly at 65"? 

Jasani's attempt to link the Otrag launches from Zaire to the 
satellites which observed the preparations for the South African in- 

/ cident is likewise subject to dispute.^^ Situated as it was, just south 
of the Equator, the Dtrag site would have been overflown by all 
satellites in orbit at that time. 

Photo-coverage, television relay 

The question of whether or not the long-duration, fourth genera- 
tion payloads are recovered at the termination of the mission has 
not vet been satisfactorily resolved. Rarely are fragments cataloged 
at the end of these flights whereas, in all other missions, one or 
more fragments appear in orbit immediately prior to or just after 
the payload is recovered. The Kettering Group has not observed re- 
covery beacons from these satellites oecause the end of mission 
comwWiLjthe very early morning hours in Europe. Moreover, since 
Western Europe is in darkness at these times, it is extremely 
doubtful if such signals could be received if they did exist. 

It has been reported earlier that TV recovery beacons have been 
observed during the early stages of these flights and are believed to 
originate from film capsules returned to Earth around the 9th and 
18th days of the mission. It seems probable that the fourth genera- 
tion spacecraft return imagery by television relay throughout the 
mission right up to its end in the manner of the U.S, KH-11 satel- 
lites,^^ but such transmissions have not been intercepted by the 
Kettering Group. 



Ibid . SIPRI Yearbook l^lH, pp 79-82. 
2' Writing on "Satellite Photograph Interpretiition" in Space flights the British Interplan- 
etfiry Society's magazine, in Apr. 1982, Curtis Peebles, described the KH-11 as a digital image 
satellite which could transmit imagery to a ground station almost instantly. Spaceflight, vol. 24. 
April m2. p. 161. 
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MANNKD OBSERVATION 

It would be naive to discount the probability of Soviet cosmo- 
nauts making ob^rvatiohs from the Salvut Mace stations at the 
request of the military authorities. Indeei as described in part 2 of 
this study, Salyuts 3 and 5, which flew in low orbits and employed 
telemetry of similar format to the first generation recoverable sat- 
ellites, in addition to carrying all-militai-y crews, are genGi^ ly re- 
garded by Western analysts to have been predominantly military 
in character. As mentioned earlier in this chapter, distinctions 
between civil and military-oriented experiments became less clear 
during the long Salyut 6 mission which commenced in 1979. Much 
time was devoted to the observation of the Earth from space and, by 
the end of the" manned missions to Salyut 6 in 1982, some 13,000 
photographs had been obtained using the KATE-HO and MKF-6M 
cameras. Analysis of space photography returned from balyut b 
provided much information about the nature of ocean currents and 
their boundaries revealing variations in the surface of the ocean 
ranKinu from 112 meters below mean sea level to 78 meters above. 

For a more detailed account of the Salyut missions the reader la 
referred to chapter 3 of part 2 of this study (Manned Programs). 

' RADAR RECONNAISSANCE 

Ocean surveillance; RORSATS with the F-l-m 

There are some frequencies of the electromagnetic spectrum 
which will penetrate cloud cover. In the Earth resources area, pas- 
sive microwave affords one such opportunity. It is not clear wheth- 
er resolutions are such as to give data beyond the level of chmate 
and soil conditions to anything of military usefulness lilce order ol 

bsttlB* o • *. • 

One of the interesting exercises in which long range boviet air- 
craft have engaged is tliat of locating U.S. carrier task forces at 
sea. The press has carried pictures. of Bear turboprops with eight 
contrarotating propellers flying in mid-Atlantic or mid-i'acinc, 
often with U^. cafrier aircfaft or Royal Air Force planes flying 
alongside taking pictures iu turn. In general, one assumes, the 
• Soviit task of l(5:ating U.S. ships which may carry a nuclear strike 
capability is easier if the weather is good and if the U.b. ships are 
. revealing their presence by carrying on regular radio communica- 
tions, permitting radio direction finding. Acoustic signals from pro- 
pellers in thfe water'are used also for locfitmg ships even over great 
distances, and are especially important in monitoring submarine 
activities since the latter, if nuclear powered, may not surface tor 
long periods artd may practice tight radio security. 

Presumably the Soviets would have a sttong motivation to devel- 
op technology for locating U.S. naval vessels at sea even when they 
maneuver to stay under cloud cover and when they keep their 
radio transmitters and radar sets turned off. An obvious appror.ch 
would be to orbit radar equipment, capable of making rapid, wide 



" Ffoktistov, K. To Future Orbits. Pravda (Moscow, June 9, 1981), p. 3, 
" Moscow Home Serviee^eb. 13, 1980. 1530 G.m.t. 
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area searches, in any weather, from space. However, providing an 
adequate power supply and developing a system capable of both 
wide area searches and detailing what has been discovered with a 
signature which can be interpreted is no small feat. 

Kosmos satellites with orbital periods of 89.5 minutes and incli- 
nations of 65*, biit differing from recoverable photographic recon- 
naissance satellites by having their perigees around 250 to 260 kilo- 
meters, appeared in 1967. 

Commencing with Kosmos 651 and 654, these satellites operated 
in pairs and station-keeping was rigidly enforced. Orbital planes 
were coplanar and a 23*minute time difference was maintained 
during the operational phase so that ground tracks were displaced 
by some 6* from each other. 

Table 47, compiled by the late Dr. Charles Sheldon, lists Kosmos 
satellites with RORSAT missions through the end of 1980. 

TABLE 47.-SOVIET RADAR OCEAN SURVEILLANCE SATELLITES 



^^'^^^ a W iSST iS^' m . ^^^^ ^ 

ym) ■ 

1967 

Dec. 27 198 281 265 65.1 89.8 Tjss announcement. 

65.1 89.7 RAE original data. 

65.2 103.4 RAE, separated and moved up Dec. 

29. 1967, after 2 days. 

65.1 89.1 Dec. 31. i967 4 RAE. rocket, after separation. 

65.1 89.6 Jan. 2U 1968 25 RAE. pbtform. after separation. 

1968 

Mar 22 209 282 250 65.1 89.6 Tass announcement. 

65.0 89.7 RAc original data. 

65.3 103.1 RAE. separated and moved up Mar. 

28. 1968, after 6 days. 

65.1 89.0 Mar. 25, 1968 .... 3 RAE, rocket, after s -^aration. 
65.1 89.5 Apr. 10, 1968.... 19 RAE. platform, after separation. 

1970 

Oct 3 367 280 250 65.2 89.6 Estimated ori^fhal orbit. 

65.3 104.5 Tass announcement. 

65.3 104.5 RAE, separated and moved up Oct. 3, 

1970. after 0 day. 

65 2 89 2 Oct. 6, 1970 3 RAE, rocket, after separation. 

65.1 89.6 Oct. 31, 1970 28 RAE. piatform, after separatk)n. 

1971 

Apf I 402 279 261 65 89.7 Tass announcement. 

65 0 89.7 RAE original data. 

65.0 104.9 RAE. separated and moved up Apr. 9, 

1971. after 8 days. 

65.0 89.5 Apr. 6, 1971 5 RAE. rocket, after separation. 

65.0 89.6 May 6, 1971 35 RAE. platform, after separatk)n. 

Dec 25 . . 469 276 259 65 897 Tass announcement 

65.0 89.6 RAE original data. 

64.5 104.7 RAE. separated and moved up ian. 4. 

1972. after 10 days. 

65 0 89 5 ian. 7. 1972 13 RAE, rocket, alter separation. 

65.0 89.6 Feb. 9, 1972 46 RAE. platform, after separation. 

1972 

Aug 21 516 277 256 65 896 Tass announceirenl. 

650 89.6 RAE initial data. 

64.8 104.6 ^ RAE, separated and moved up Sept. 

21, 1972, after 31 days. 
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TABLE 47.-SOVIET RADAR OCEAN SURVEILWNCE SATELLITES-Continued 



pm) 



89.4 Sipt. 25. 1972.... 35 RAE. rocket, after separation. 

89.5 Oct. 20. 1972 60 RAE, platform, after separation 

1973 

Dec. 27 626 280 2o7 65 89.7 l^TJS^T' 

89.7 RAE orlfiral data. 

104.0 RA£, separated uri moved up Feb, 

11, 1974, after 46 days. 

89.8 Feb. 23, 1974 58 RAE. rocket, after separation. 

89.4 llllir.22. 1974.... 85 RAE, platform, after separstion. 

1974 

May 15 651 276 256 65 89.6 I*? ^^^^JT^ 

89.6 RAE original data. 

1035 RA£, -operated and mwed up July 

25, 1974, after 71 days. 

89.5 July 30, 1974 76 RAE, rocket, after separation. 

89.6 Sept. 5. 1974 113 RAE. platform, after ^jpantion. 

May 17 654 277 261 65 89.7 Tass announcement. 

^ 89.6 RAE oriflnil data. 

1044 RAE. siperated and moved up July 

30. 1974. after 74 days. 

896 Auf. 4. 1974 79 RAE. rocket, after saparation. 

88.8 Sept. 7. 1974 113 RAE. pUttorm. after aaparation. 

19/5 

tof 2 .. .. 723 277 256 65 ^.o Tass announcement 

' 5;j6 RAE original data. 

103 7 RAE. separated and moved up May 

16. 1975,. after 46 days. 

89.6 May 21. 1975 49 RAE, rocket, after separation. 

89.7 July 15, ir75 104 RAE. platform after separation. 

1975 

Aor 7 724 276 258 65 89.7 ^.v Tass announcement 

896 RAE original data. 

1043 RAE, separated and moved up June 

12. 1975. after 65 days. 

89.5 June 17, 1975 71 RAE. rocket, after separation. 

89.6 Aug. 7, 1975 122 RAE. platform, after separation. 

Dec 12 *785 278 259 05 89.7 Tass announcement. 

87 6 RAE original data. 

1043 RAE, separated and movet* up Dec. 

13. 1975, allxx 1 day. Different 
frequency. 

89 7 Dec. 14. !975 2 RAE. rocket, after separation. 

89.6 Feb. 5. 1976 55 RAE, pUtform, after separation. 

19/6 

Oci 17 860 278 ?60 65 89.6 Tass announcement 

- - 89 7 M original data. 

104 1 RA£, separated and moved up Nov. 

10. 1976. after 24 days. 

89 5 Nov. 15. 1976 29 RAE. rocket after separation. 

89 5 Dec 29. 1976 73 RAE. platform, after separation. 

Oct 21 861 280 256 65 89.6 Tass announcement 

- 89 7 - RAE originai data. 

104 3 RAE. separated and moved up Dec 

20. 1976. after 60 days. 

893 Dec. 25. 1976 65 RAE, rocket, after separation. 

89.6 Feb. 4. 1977 107 RAE, platform, after separation. 

1977 

Sept 16 952 2/8 258 65 89.7 Tass announcement 

- 17 RAE original data. 
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TABLE 47.-SOVIET RADAR OCEAN SURVEILLANCE SAJELLITES-Continued 
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104.1 RAE, saforated and moved up Oct. 8. 

1977, after 22 dayi. 

89.1 Oct. 11 1977 25 RAE, roctot, after separation. 

89.4 Nov. 7. 1977 52 RAE, platform, after separation. 

Sept. 18 954 277 259 65 89.6 Ta» annouodfflent. 

89.7 Jan. 24. 1978 128 RAE original daU. Failed to separate 

and to ascend to Itigher ortit; 
decayed over norttiem Canada, 
leaving radio active residue. 

Apr 29 1176 265 260 65 89.6 Taw announcement. 

89.7 RAC original data. 

103.4 R.\, separated and moved up Sept. 

10. 1980. after 134 days. 
89.3 Sept. 12. 1980.... 136 RA^. rocket, after separation. 
89.6 Oct. 4. 1980 158 RAE. platform, after separation. 

This type of satellite does not separate from the second stage of 
the launch vehicle on being placed into orbit. After an operational 
phase during which micromaneuvers maintain a circular orbit 
close to 260 km against the effects of drag, part of the payload sep- 
arates from the second stage and is boosted into a much higher cir- 
cular orbit from whence decay is of the order of several hundred 
years. It was deduced that this part contained a nuclear reactor for 
providing the power for a side-looking radar in the lower orbit 
using a slot-antenna built into the side of the second stage. Some 
confirmation of this was obtained following the uncontrolled re- 
entry of Kosmos 954 in January 1987 when it was revealed that the 
reactor was fueled with 50 kg of enriched Uranium 235. 

Kosmos 954 had worked with Kosmos 952 during its operational 
phase and was expected to follow Kosmos 952 into the "safe" orbit 
some time in November 1977. However, early in that month, it en- 
tered a regime of natural decay suggesting that it would reenter 
the Earth's atmosphere some time in the following March. On Jan- 
uary 6 it lost attitude control and the decay accelerated, causing it 
to spread debris over a wide area of northern Canada on January 
24. No further satellites in this series were launched following this 
catastrophe until Kosmos 1176 more than 2 years later. 

Figure 63 is a conceptual drawing, based upon information found 
in open literature, of a possible configuration for such a spacecraft. 
The actual spacecraft design details are not publicly known and 
the artist has adopted a planar array antenna rather than the slot 
antenna mentioned above. 
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FiGURis 63.— Conceptual Drawing of a RORSAT 

At first it was believed that a Romashka (Camomile) reactor had 
been used to provide electrical power for Kosmos 954,^^ but it is 
now thought tnat the smaller Topaz reactor-converter, working on 
the thermionic rather than the thermoelectric principle, was em- 
ployed. The thermionic converter has two metallic elements, an 
emitter and a collector. When the emitter is heated to a tempera- 
ture between l^OOO^ and 2»500'' K, it emits electrons (thermionic 
emission). They are collected by a concentric electrode at a lower 
temperature separated from it by a few microns with cesium vapor 
in the gap to encourage the electron flow. Figure 64 is a sectioned 
drawing of the device, which maintained a power production of 10 
kW for 1,600 hours in tests at the Physics and Power Engineering 
Scientific Research Institute, where it was designed, and was then 
maintained at another unspecified lower power level for a further 
6,000 hours.2fi 



^* Operation Morning Light. Canadian Northwest Territories* U S. Department of Energy, 
1978. 

a» Reese. R.T.. and CP. Vick. Journal of British Interplanetary Society, vol. 36. 1983. pp. 457- 
462. 

Petrov, B.N.. ed. "Basis for Automatic Control of Nuclear Space Power Sources and Equi?)- 
iTient." Machinostroyeniye. Moscow. 1974, p. 64. 
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FiQURi 64.— The "Topaz" Reactor-Powered Thermionic Convc.ter 

Cloud penetration on land 

There is no evidence from open sources that synthetic aperture 
or any other type of radar has been used to penetrate cloud cover 
over land for militar> purposes. However, as was evident in image- 
ry from the U.S. Seasat satellite, such a use is quite feasible and it 
is not beyond possibility that the Soviets could bring such a system 
into operation and might have already done so. 



The Soviet Government has long had a reputation for giving spe- 
cial attention to the gathering of ELINT (electronic intelligence) 
data, also referred to as ferreting, or SIGINT (signal intelligence), 
COMINT (communications intelligence), and/or RADINT (radar in- 
telligence). By definition, all spacecraft which receive and report on 
electromagnetic radiation are performing the same basic task, 
whether for solar studies, astronomy, weather reporting, Earth re- 
sources work, or communications. 

It is still useful, however, to sort out categories of difference in 
origin and use of these signals. Some emissions are part of the nat- 
ural environment and may obscure the receipt and recognition of 
those generated by man-made activities. These fall into two m^or 
subgroups: (a) those directed toward space deliberately to be picked 
up and relayed by satellite, and hence supporting the function of 
communications satellites, and (b) those not intended to be picked 
up by the receiving satellites, such as private messages or inadvert- 
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ent leakages of signals, and hence supporting the function of 
ELINT, RADINT, COMINT andVelated categories. 

Military interests extend to all natural phenomena, partly to un- 
derstand the difference between natural signals and those which 
are man-made, and partly because many natural emissions, such as 
reflected light or radiated heat, translate into pictures and data de- 
fining ground, air, and space activity. Those emissions which were 
generated by electronic devices such as radio stations, radar equip- 
ment, microwave towers, and other spacecraft provide a general 
category of signals whose frequencies, power levels, locations, direc- 
tions, and times of emission may answer questions of military in- 
terest. Although detection of the emissions presents technical chal- 
lenges, understanding those emissions may be an even bigger chal- 
lenge. . , , , 

Soviet interest in ELINT is evident in such activities as the 
trawlers, with a forest of antennas, which follow NATO naval ma- 
neuvers, attend missile launchings and recovery areas, or cruise off 
the coasta of the United States. Since Soviet trawlers, naval ves- 
sels, embassies, and air and space defense systems all engage in 
signal gathering, it can be assumed that they also gather, by space- 
craft, signals which are then relayed, either in real time or after 
taped-storage, to analytical centers in the Soviet Union. 

EORSATS with the F~l~s 

The terms EORSAT and RORSAT were introduced simultaneous- 
ly by the U.S. Defense community to distinguish between the pas- 
sive gathering of intelligence by monitoring the electromagnetic 
emanations of western navies (the EORSATs) and the active prob- 
ing of the ocean surface to establish ship locations using radar 
techniques (the RORSATs). The EORSATs first appeared at the 
end of 1974. Equipped with microthrusters to overconie atniospher- 
ic drag, they make many small maneuvers to maintain their orbit- 
al period of 93.3 minutes in circular orbits at 65° inclination. This 
mode of operation has led to a revised designation of the launch 
vehicle as F-l-s, where the "s" indicates a sustaining engine 
rather than one capable of m^or maneuvers. 
Table 48 lists flights in this category through the end of 1980, 
Kosmos 1094 and 1096 operated together as a pair in the manner 
of the RORSATs following the Kosmos incident. Kosmos 1167 and 
Kosmos 1220, launched with an interval of 8 months between them 
in 1980 operated as a pair, rather than Kosmos 1220 being a re- 
placement for the earlier satellite, and were in planes spaced such 
that the ground track of one satellite fell precisely midway be- 
tween ground tracks of the other,^' 



Pfrry, (J K.. V, P SharplinK. T A. SharplinK. and S. Grahn. Flight International, vol. 118. 
Jltxi), p -J-iTx 
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TABLE 48.-S0VIETtUNT OCEAN SURVEILLANCE SATELLITES WITH ELECTRIC PROPULSION 



iSS^^IffS?? Remarks 



19/4 

Dec. 24 693 454 436 65 93.2 Tass aflnouncemwl, 



418 114 64.9 89.8 RAE InilW data. 

440 428 65.0 93.3 Oct 16, 1977 1»027 RAE idiusted ortit. PirtiDly disinte- 

|fitidApfa7.19I5. 

358 lU 65.0 89.2 Dec 25, 1974 1 RAE. roclw}. 



436 


65 


114 


64.9 


428 


65.0 




650 


437 


65 


1 *>T 
UJ 


bs.U 


425 


Ck ii 


118 


65.0 




D3 


428 


65.1 


117 


65.0 


438 


65 


110 


65.1 


422 


65.0 


113 


65.0 


438 


65 


149 


65.1 


424 


65.0 


100 


65.0 


437 


65 



1975 

Ocl 29 777 456 437 65 93.3 Tass innouncOTenl. 

412 123 65.0 89.8 RAE initial data. 

442 425 65.0 93.3 June 3. 1976 218 RAE adjusted ortit. Partially disinte- 

irated ianuary 1976. 
373 118 65.0 89.4 Oct. 30. 1975..... 1 RAE, rocket. 

1976 

July 2 838 456 ^ 438 65 93.3 Ta$s announcement 

RAE Mtia) data (missing). 

440 428 65.1 93.3 Aug. 23. 1977 371 RAE adjusted ort)it. Dislntegraled 

June/July 1977. 

382 117 65.0 89.5 Juty3. 197P 1 RAE. rocket. 

Nov 26 868 457 438 65 93.3 Ta» announcement 

436 110 65.1 89.9 RAE inrtlal data. 

444 422 65.0 93.3 July 8. 1978 S89 RAE adjusted orbit 

303 113 65.0 88.6 Nov. 27. 1976 1 RAE. rocket. 

1977 

Aug. 24 937 457 438 65 93.3 Tass announcement 



597 149 65.1 92.1 RAE Initial data. 

444 424 65.0 93.1 Oct 19. 1978 421 RAE adjusted orbit 

379 100 65.0 89.3 Aug. 25. 1977 .... 1 RAE. rocket. 

1979 

AiK. 18 1094 457 437 65 93.3 Tass announcement 

RAE initial data (missing). 

442 426 65.0 93.3 Nov. 7, 1979 203 RAE adjusted orbit 

382 105 65.0 89.4 Apr. 18. 1979 0 RAE. rocket 

Aor. 25 1096 457 439 65 93.3 Tass announcement 

RAE Initial data (.nlssing). 

442 428 65.1 93.3 Nov. 24. 1979 213 RAt adjusted orbit 

370 113 65.0 89.3 Apr. 25. 1979 1 RAE. rocket 

1980 

Mar. 14 1167 457 433 65 93.3 Tass announcement 

RAE Inilial data (missing). 

442 426 65.0 93.3 RAE adjusted orbit 

280 98 65 0 88.3 Mar. 14. 1980.... 1 RAE. rocket 

Nov 4 1220 454 432 65 93.3 Tass annou^vement 

RAE initial \missing). 

440 427 65.0 93-3 RAE adjusted orbit 

316 111 64.9 88.7 Nov. 5. 1980 I RAE. rocket 



When natural decay takes over at the end of their active lives, 
some have been raised to higher orbits, removing them from the 
vicinity of their replacements and it is not unusual for fragmenta- 
tion to occur at a later date. 

Nicholas Johnsr has pointed out that there aopears to be an 
inter-group relationijhip for the RORSATs and EORSATs in that 
their orbital planes invariably differ by some 150*. 



Johnson. N.L. Spacecraft and Rocket«, vol. 19, (1982). pp. 113-117. 
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HUNT with the C-I and A- 1 

The Kettering Group has not intercepted transmissions from 
Soviet satellites which might be presumed to have an ELINT role, 
so it is only possible here to demonstrate that certain systems can 

f provide the necessary global coverage with constellations of satel- 
iti?s deployed in orbital planes spaced at regular intervals around 
the Earth. Such systems include satellites at 74* inclination with 
penods of 95.2 min, and others at 81.2* with periods of 97.4 min, 
reminiscent of the early Meteor weather satellites. Both systems 
are launched from Plesetsk, the first by C-1 and the other by A-1. 
The smaller satellites, launched by the C-1, flew in operational 
groups of four with their orbital planes spaced at 45*.2» The dra- 
matic effect of the increased solar activity on the atmospheric den- 
sity during 1980 caused the majority of these satellites to decay 
from orbit due to the increased drag and two only, Kosmos 1114 
and Kosmos 1215 existed into 1981.^^ 

Table 49 lists these satellites and was prepared by the late Dr. 
Charles Sheldon. 

Table 50, in which adjacent columns represent orbital plane-spac- 
ings of 45' of longitude at the Equator, shows how these satellites 
were positioned in relation to the other members of the subset and 
reveals the sequence of replacement. Between the end of October 
19(58, and the launch of KosmoH 395 in February 1971, the system 
evolved into four satellites which were operational at any one time, 
with Kosmos 330 and 387 replacing Kosmos 250 and 269 respective- 
ly. The launches of Kosmos 425, 460, 479 and 536 in 1971 and 1972, 
suggested that the operational system was being extended to eight 
satellites. Such an interpretation implied that Kosmos 500, 
launched as a replacement for Kosmos 425 would have had an 
operational lifetime in excess of 4 years since it was not until De- 
cember 1976 that another satellite, Kosmos 870, was placed in the 
same orbital plane as Kosmos 500, which had been launched in 
July 1972. In view of the usual rate of replacement of such pay- 
loads, such an interpretation seems untenable. 

Furthermore^ the failure to provide replacements for Kosmos 
749, 781 » 787» and 790, in their own orbital planes, during the 
period 1976-1980, lends support to the hypothesis that there never 
were more than four satellites operational at any one time, and 
that Kosmos 812 and its early replacement, Kosmos 845, merely 
provided a transition to planes in the opposite hemisphere. 

Kosmos 358 and Kosmos 1186 are not considered as members of 
this subset since their orbital planes did not form part of the 
system. The very long life of Kosmos 358 in comparison with 
Kosmos 330 and 387 suggests that it was of a different configura- 
tion and density which resulted in a slower decay-rate. 

The larger, A-1 launched, satellites fly in operational groups of 
six with their orbitai planes spaced at eO"". Table 51, aisu preoared 
by the late Dr. Charles Sheldon, lists these satellites througli the 
end of 19K0. 



^« Perry, li i\ . and SaMh M. Mobbs. Spaceflight, vol. :Kl, lUSO. pp. 3H-;J9. 
«o pt^rry. Vt K . in Gutter Space—A New Dimension of the Arms Race. ed. B. Jasani. SIPRI. 
li^^2. pp 144-14:> 
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table 52, prepared by Darren Conway of Kettering Boys School, 
shows the orbital plane-spacings of these satellites and the replace- 
ment sequence since mid-1975, with adjacent columns representing 
orbital plane-apacings of 60* of longitude at the Equator. 

TABLE 49.-SOVIET EUNT FERRET MISSIONS WITH THE C-1 LAUNCH VEHICLE 







Mt 28 




1967 




Mar. 24 


151 


Oct. 30 


189 


1968 




Jin 19 


200 


Aug 27 


236 


Oct. 30 


, 2M 


1969 






269 


Dec 20 


315 


1970 




7 




Aiifl 9n 


JjO 






1971 




Ftt 17 


395 


May 29 


425 






xpi iu 




Nov 30 


460 


1Q79 




Maf 22 ....... 


479 


July 10 .... 


cftrt 

5Q0 


Nov. 3 




1973 




Ian ?0 . . 


544 


Feb 28 


549 


Aug 28 


. 582 


Nov 27 


610 


1974 




Feto 6. 


. 631 


May 21 


655 


June 21 


661 


Dec 18 


698 


1975 




Feb 5 


707 




749 


Nov n 


781 


197b 




Jan 6 


. 787 


Jan. 23 


790 


Ape 6 


812 


July 27 


845 


Dec 2 


870 



X 600 600 56 



630 
600 



X 536 

655 

X 556 



558 
556 



X 548 
X 549 
X 560 



570 
556 
550 
558 
553 



X 549 
X ,554 
X 555 



X 561 

X 556 

X 559 

X ' 560 



565 
549 
555 
566 



550 
557 
557 

564 
559 
558 
557 
580 



630 56 
535 74 



536 
600 
523 



526 
521 



514 

517 
528 



534 

511 
514 
523 
520 



513 
513 
521 
515 



522 
520 
513 
515 



519 
513 
504 
505 
511 



74 
56 
74 

74 
74 

74 
74 
74 

74 
74 
74 
74 
74 



517 74 
509 74 
S14 74 



74 
74 
74 
74 



74 
74 
74 
74 



505 )4 
511 7: 
508 74 



74 
74 
74 
74 
74 



97.0 VehWelwt. 

97.1 Vehicle Ittt. 

95.7 June 8. 1978 3.874 

95.2 Feb. 24, 1973 1.863 

96.9 Vehicle lejl 

95.3 Feb. 15. 1978 3.395 



95.3 fcL 21. 1978 3.517 

95.3 Mar. 25, 1979.... 3.382 

95.2 June 12, 1979 3.353 

95.2 ■■ 

95.3 Jan. 19. 1980 3,321 

95.4 Apr. 6. 1980 3.336 

95.3 Jan. 15, 1980 3.153 

95.2 Jan. 4, 1980 3,041 

95.3 Mar. 29. 1980.... 3.123 
95.2 Mar. 5, 1980 3.018 

95.2 Apr. 13, 1980 2,944 

95.2 Mar. 29. 1980.... 2.819 

95.2 July 20. 1980 2.816 

95.3 June 15. 1980 2.703 

95.2 June 29. 1980 2.678 

95.2 Sept. 5. 1980 2.565 

95.2 Sept. 15. 1980.... 2.484 

95.3 Oct. 4. 1980 2.431 

95.2 Nov. 19. 1980 2.374 

950 Aug. 27. 1980.... 2.259 

95.3 Dec. 9. 1980 2.183 

95.2 Sept. 7. 1980 2.041 

95 3 Sept 26. 1980 1.911 

95.2 Nov. 26. 1980 1.832 

95 3 Dec 12. 1980 1.802 

95.2 Nov. 12. 1980..... 1.756 

95 2 Oct 30. 1980 1.668 

95.2 Nov. 15. 1980 1.572 

95.3 Dec. 20. 1980 1.479 



33, 



1073 



TABLE 49.-S0VIET ELINT FERRET MISSIONS WITH THE C-1 UUNCH VEHICLE-Continued 

«* ^ ' 

Uuntf &H MiM- 

1977 

M«.24 899 X 552 505 7 4.1 95.2 Oct. 19, 1980 1.305 

July 14 924 X 560 514 74 95.3 Feb. 10, 1981 1.317 

Oct 25 960 X 549 505 74 95.1 Oct. 22. 1980 ...^ 1093 

"1978 

May 17 1008 X 551 501 74 95.1 Jan. 8, 1981 967 

Oec 15 1062 X 548 508 74 95.1 

1979 

July 11..; 1114 X 558 507 74 95.2 

1980 

Oct. 14 1215 X 550 498 74 95.1 
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TABLE 50.-REPLACEMENT SEQUENCE OF KOSMOS "EUNT" 

SATELLITES 

250 
269 .... 

313 

330 

• • 387 ■ ■ ■ • 



• ♦ • ■ 



.. 395 



425 



.... 436 



437 



460 



479 



.... 500 

.!!!*544 



536 



549 



610 



631 ..... 
.... 655 



661 



• ■ ■ • 698 



707 



749 

781 



787 



790 



812 
845 



870 



899 



924 



960 .... 

, ... 1008 



... 1062 
1114 



From: G. E. Perry and Sarah M. Mobbs, Spaceflight, 22, 1980. 
p. 38-39. 

Orbital-plane apacings 45* between adjacent columns. 
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TABLE 51.-~S0VIET ELINT FERRET MISSIONS WITH THE A-1 LAUNCH VEHICLE 

1 ^— » Maw Amw hrint Wiiiiliofl filfW 
wwir m (to) (atrm) jtm) 

1970 

Dec 18 389 699 655 ' 81 98.1 

1971 

Zip,.;.. J 405 706 • 676 81.3 98.3 

1972 

mi ■ • : «76 — esi — 6if ^- lu ~ -m- 

Qtcii". 542 653 554 81.2 96.4 

1973 

Oct. 29 W« 647 624 81.2 97.2 

1974 

Aug. 16 673 648 620 81.2 97 

1975 

June 20 744 650 612 81.2 ' 97.1 

Aug. 22 756 649 627 81.2 97.3 

1976 

Mv 16 808 647 618 81.3 97.1 

Aug. 27 851 649 592 81 96.2 

1977 

Feb 27 895 648 613 81.2 97.2 

July; 925 645 622 81.2 97.2 

Scpt20.r. 955 664 631 81.2 97.5 

1978 

Jan 10 975 680 637 81.2 97.6 

May 12 1005 672 626 81.2 97.6 

Oct 10 1043- - 650 6:5 81.1 97..' 

Dec 19 1063 661 632 81.2 97.5 

1979 

Feb 14 1077 C3l 629 81.2 97.2 

Apr 14 1093 650 625 81.3 97.3 

July 20 1116 649 608 81.2 97.1 

Oct 26 1143 665 625 81.2 97.4 

Nov. 27,.I......". 1U5 652 629 81.2 97.3 

1980 

Jan 30 .. 1154 671 634 81.3 97.3 

Aug 15 1206 659 630 81 2 97.4 

Nov 21 " 1222 659 624 81.2 97.4 
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TABLE 52.-REPLACEMENT SEQUENCE OF A-1 LAUNCHED 
ELINT FERRET SATELLITES 



756 ^ 

608 

851 

695 

, 925 



955 

975 ; ^ 

...... ' 1005 

'''' :::::::::::::::::::::::::::::::::::::::::::'io;3'::::^ 

1077 



1093 

\\ 1116 ••••• 

1143 

"si" 

U84 

1206 

122^ 



NOTES I ^ 



1. Launches shovn by Xosaoi nuaber. 

2« Each colurin Is separated froa Its neighbor by 60* In right ascension 

of the aacendinA nodes. . 

EARLY WARNING OF MISSILE AND SPACE LAUNCHES 

Certain satellites in the Kosmos series have been placed into 
orbits with parameters suspiciously close to those of Molniya com- 
munications satellites. They have inclinations initially between 62* 
and 66\ eccentricities cldte to 0.74, and orbital periods approxi- 
mately 12 hours. 

Early Kosmos launches having such parameters were probably 
tests of the. Molniya satellite or the Molniya ortiit. Others came to 
be regarded as Molniya failures. Using the right ascensions of the 
ascending modes taken from NASA's Goddard Space Flight Cen- 
ter's two line orbital elements, Perkins and Perry established 
that the Molniya satellites, from Molniya-1/11 on, fell into well-de- 
fined groups, spaced originally at 120*, intervals and currently at 
90' intervals, giving continuous comhiunications coverage to the 
network of ground-stationis in the Orbita system. 

Kosmos 520, 606, 666 and 706 did not fit into these groij[pe, how- 
ever, and one orbitalparameter, the argument of perigee, for each 
of these satellites differed signiHcantly from that of the Molniyas, 
having values close to 315* rather than 280*. Clearly this was no 
mere coincidence and the Kettering Group concluded that a new 
mission category had been inaugurated. 

Since then, analysis of groupings by orbital plane has shown that 
Kosmos 83t, 853,^^ and 1175 have been, Molniya failures and not 
early warning satellites. 



Perkins. P. J., and G.E. Perry. Flight International. 107. 79. Jan. 16. 1975. 
" Perry. G.E.. R.A.F. Qy.» vol. 17 (autumn 1977). p. 277. 
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Ground-track 

Figures 65 and 66 show the ground-tracks of typical Molniya and 
Kosmos satellites with these semi-synchronous orbits. It will read- 
ily be seen that relocation of the perigee affects the shape of the 
gfound-track considerably. The Northern Hemisphere loops near 
apogee are much broader than those of the Molniyas. However, it 
is the new position of the stabilized orbit which is more significant. 
A military early-warning satellite must be able to see into the Mid- 
western United States, to the Titan bases at Davis-Monthan, Mc- 
— Connell and Little Rock, and the Minuteman bases at Malmstrom, 
Mi not, Grand Forks, Ellsworth, Warren and Whiteman. Second, it 
must also be able to communicate directly with the Soviet Union. 




Figure 65.— Stabilized ground-track -if the 45th Molniya 1. 




Figure 66.— Stabilized ground-track of Cosmos 1124. 

The usual ascending node for Molniya satellites is chosen to be 
at 115° W and 65° E. By moving these ascending nodes 25° to the 
east the satellite can easily perform an early warning role for a 
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considerable part of the orbit. After crossing the Equator near 
Panama, the satellite climbs steadily and 17 minutes later, at 40° N, 
comes into view of the Soviet Union [figure 67). The whole of the 
United States will have been in view well before this time. An early 
warning role is possible until the satellite reaches 10° N when south- 
bound some 9 hours later [figure 68]. [ 




I-'iouRE 67.-40 'N, Equator +17 min, 5 380 km. 
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FiouRK 68.— 10 'N. Ekiuator+9 hr 26 min, 20 991 km. 

The following orbit also permits early-warning coverage. Forty- 
five minutes after crossing the Equator west of Sumatra, the satel- 
lite is at 60 'N over the eastern part of the Soviet Union and has 
all the Minuteman bases, with the exception of Whiteman, in view* 
Soon, this and the Titan bases are also under surveillance [figure 
69). The Titan bases disappear at 40^ N on the southbound portion, 
4.5 hours later, and in just over another hour, at 30^ N, the satel- 
lite is again unfavorably placed [figure 70]. However, it can be seen 
that for at least 14 hours each day early-warning surveillance is 
possible and a three, or perhaps only two, satellite system would 
give complete coverage. 
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PiouRB G9.— 60' N, Equator+45 min, 12 034 km. 




Figure 70.— 30' N, Equator -f 6 hr 54 min, 38 615 km. 
Orbit stability 

Allan 33 has shown that because the geopotential is slightly lon- 
gitude-dependent there are two positions of the ascending node, 
180^ apart, for which the ground-track is stable. These positions 
depend, to some extent, on the value of the argument of perigee. 
Satellites placed elsewhere build up drift-motion which must be 
corrected at regular intervals. Orbits with semi-m£yor axes of sev- 
eral Earth-radii can also be perturbed by luni-solar gravitational 
fo: ces. For orbits of high eccentricity, the shape of the orbit can be 
appreciably affected and the lifetime depends critically on the ini- 
tial conditions, particularly the right ascension of the ascending 
node. 3* This imposes a constraint on dates at which replacement 
satellites can be conveniently launched. 



" Allan. U.R .^.A.E. Tech. Kept. 69138. July 1969. 
Cook, C E.. and Diana W. Scott. R.A.E. Technical Report 67189. August 1967. 
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Figure 71 shows how thene periodical corrections maintained the 
longitudes of the ascending nodes of operational satellites close to 
90 W during the latter part of 1980. Kosmos 1188 was replaced by 
Kosmos 1217 after only 4 months because it was no longer able to 
maintain station although only one correction had been performed 
following stabilization of the ground-track shortly after launch. It 
has been suggested that part of the difficulty in establishing an 
operational early-warning system has been due to stability prob- 
lems, but whether this refers to attitude stability or ground-track 
stability is not clear. 




A 'M J 'J A S' 0 N 

1980 

Fkuirk 71.— PoHitional corrections of operational early warning satellites during 1980. 

If the orbit is sufficiently commensurate with the ideal para- 
meters, the ground-track librates about the stable position. The am- 
plitude of libration should be as small as possible in an operational 
system. Figure 72 shows the locations of the ascending nodes of 
some of the operational satellites during 1978. 1979, and 1980. It 
will be seen that the amplitude of libration is much greater in the 
case of Kosmos 1030 than for Kosmos 1024. The orbit of Kosmos 
1024 w^^s corrected on four occasions before it was allowed to li- 
b ^tp fieeiy and it was not replaced by Kosmos 1188 until nearly 1 
iftor the last of those corrections, by which time it was drift- 
back towards 90 W of its own accord. In some cases, as with 
h nos 1124, instead of librating. the ground-track circulates. 



''^ S>Mi'» AiTnsp.ior. 'MK Mar 2. f)p > 
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I 9cr- 

o 

0- 



1976 



'917 




1124 



1979 



1980 



Fiouu 72.— Libration of ffround-tracka of early warning satellites. Period of libration 
cycle for Cosmos 1030 is approxiinately 640 days. 

On Februat7 17, 1980, 5 days after the launch of Koemos 1164, 
intended to replace Koemos 1109, the final set of two-line elements 
for Koemoe 1109 were released. It is unlikely that the pavload of 
Koemoe 1164 ever got out of the parking orbit, although NORAD 
issued one set of highly elliptical elements, tymcal of the prestabli- 
zation orbit, for what purported to be rev 0. This same set of ele- 
ments for Kosmoe 1164^ still for rev 0, were reissued on March 19 
and again on June 4. ultimately, the pa}^load was stated to have 
decayed on February 12, the launch date, in a decay note issued on 
January 26, 1981. From the outset the Russians announced a 640- 
220 km orbit with a period of 92.9 minutes. Since natural decay 
from such an orbit would be a matter of weeks it may well be pre- 
sumed that thfi pavload never separated from the launch platform, 
even though another object was cataloged more than 6 months 
after the launch by which time the launch platform and its rocket 

Commencing with Kosmoe 903 in 1977, the technique was adopt- 
ed of placing the satellite in an orbit with a period m excess of 12 
hours and allowing it to drift to the desired position before lower- 
ing the apogee to achieve ground-track stabilization. This is shown 
by the near-vertical sections at the beginning of the traces in fig- 
ures 71 and 72. Kosmos 862 was stabilized much more to the east 
than later satellites in the series and probably could not have per- 
formed the early-warning role so effectively. Kosmos 862 is also 
unique in that it disintegrated in orbit. This is the only rencorded 
disintegration in a Molniya-type orbit and raises the possibility of 
deliberate destruction by ground-command. 

Development of an operational early warning system 

Orbital plane spacing analysis by Mark Simmonds at Kettering 
Boys School established the development history of the early warn- 
ing system. 3* Table 53 shows that following the initial development 



Simmonds. M.R.. unpublished. 
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flights an orbital plane spacing of 80'' was adopted. At first the 
reason for this choice was obscure, but it now appears that a 
system of nine satellites at 40*" spacings to give complete coverage 
is gradually being established. The 40' spacing hypothesis was rein- 
forced by two launches in the first quarter of 1981, Kosmos 1247 
was placed a further 80' away from Kosmos 1223, thus putting it 
only ^O"* away from Kosmos 1191. The placing of Kosmos 1261, 
launched on March 31, midway between the two most recent satel- 
lites gave six operational satellites with only three gaps remaining 
to be filled. 

The first two satellites in the series, Kosmos 520 and 606, were 
placed, more or less, into the same orbital plane, the difference 
being only 7°. The third satellite was placed 47' away from Kosmos 
606 and gave rise to speculation that a system of eight satellites at 
45' spacings would evolve. This hypothesis gained support when 
Kosmos 706 was placed 182' away from Kosmos 606. However, 
Kosmos 862, the next in the series, was only 84' away from Kosmos 
6()() and thereafter three more satellites were added at 80' inter- 
vals. It is unlikely that more than three satellites were ever oper- 
ational simultaneously. Kosmos 1024 replaced Kosmos 931 and was 
followed by Kosmos 1030 yet another 80' away, but only 40' from 
Kosmos 862 rr.ensuring in the opposite direction. The system settled 
down into a pattern of three satellites at 80' spacing until the ap- 
pearance of Kosmos 1223, at the end of November 1980, which was 
placed in the same plane as Kosmos 903, 80' away from Kosmos 
1172, the mo.st elderly of the three satellites operational at that 
time. Thie suggested thr*t there were four satellites operational. 

Radio frequencies 

A clue to the radio frequencies employed by the early warning 
sattMlites came when NASA's Charles Hall revealed that a loss of 
4;") minutes of critical data of a scan of Saturn's moon Titan by Pio- 
neer 11 on September 3, 1979, might have been due to radio fre- 
quency interference from Kosmos 1124. Hall claimed that three 
satellites as well as Pioneer 11 were operating in a frequency range 
reserved internationally for scientific satellities, and reserved by 
the United States exclusively for interplanetary missions.^^ 

Aviation Week & Space Technology gave the frequency band as 
2.2!) to 2.30 (iH/.'^" Hall said that the signals from the Kosmos 
were 100 to 1,000 times stronger than the signals from the much 
more distant Pioneer. It turned out that the U.S.S.R. had complied 
with N.\SA s request to silence their satellites at the critical times 
on September 1 and 2, but that NASA officials had failed to realize 
early enough that conflict might also arise on September 3, and 
consequently had not requested a shut down for that period. It 
should be realized that Kosmos 1124 was not launched until 
August 28, only a few days prior to the encounter period. No trou- 
ble was experienced during the Voyager 1 encounter with Saturn 
in November UM). 

Launches through the end of 1980 are given in table 54 prepared 
by the late Dr. Charles Sheldon. 
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TABLE 53.-REPLAUEMENT SEQUENCE OF EARLY WARNING 
SATELUTES IN THE KOSMOS SERIES 



S20 
606 













903 
















917 




























1109 
























1164 












1172 



















1223 

1247 

1261 



NOTES: 



1. KoiMoi 1164 filled to leive the low, neer-'clrcuUr parking orbit and could 
never heve becoae operationel. 

2. Mai.: columi in the table ere apaced at 40*-interv«li of right 
aecenaion of eecending node. 

3. Roeaoe 665 and KoeMoe 706 ara dalibarataly dieplacad fro« thaee aain 
coluana (•«« taxt). 

TABLE 54.-SOVIET EARLY WARNING SATEUITES 







Kosmn 
nunbif 




Perini 

(bn) 


tion 
inn) 


Fniod 






1967 














Au|. 31 . 




174 


39.750 


500 


64.5 


715 


Launched froni Tyuratani, decayed Dec. 30. 












after 487 days. 




1968 












launched from Tyuratim^ decayed July 9. 


tet 16.. 




. , 260 


39.600 


500 


65 


712 










1973. after 1.666 days. 




1972 














Sept 19. 




520 


39.319 


652 


62.8 


710 


first of the Ptesetsk launch seriei 




1973 














Nov. 2.. 




606 


39.360 


626 


62.8 


710 






1974 














June 29 




665 


39.384 


633 


62.9 


710 






1975 














ijn 30... 




706 


39.812 


625 


62.8 


719 


Possible use of geostattonary Oftit from Tyura^ 


Oct. 8 




775 


35.900 


35.900 


1 


1.442 














tarn for e^ waminc test. 




1976 














Oct 22... 




862 


39.300 


610 


62.8 


709 


Return to the Plesetsk launch series. 




1977 














Aof. 11.. 




903 


40.170 


630 


62.8 


726 





ERIC 



3i[) 



TABir 54. 



1086 

-SOVIET EARLY WARNING SATELLITES- 



i— Continued 



iuotie 917 40.150 625 625 725 

July 20 931 40.1W 600 62.8 726 

1978 

June 28 1024 40,000 630 62.8 726 

Sipt. 6 1030 40,100 650 62.8 725.6 

1979 

Ju»27 « 1109 40,130 626 62.8' 720 

Am. 28 1124 40.070 620 62.8 724 

1980 

Fife. 12 1164 640 220 62.8 92.9 Probable fiihffe in early warnkif procrim. 

f^'.\2 1172 40.160 637 62.8 726 

Jynil4 1188 40.165 628 62,8 726 

Wy2 1191 40.165 646 62.8 726 

Ocl. 24 1217 40.165 642 62.8 726 

Nev. 27 1223 40.165 614 62.8 726 



A geosynchronous early warning satellite? 

The mission of Kosmos 775, launched into a geosynchronous orbit 
by a D-l-e on October 8, 1975, has always been somewhat obscure. 
Thoughts that it might have been simple cover-up of a communica- 
tions satellite failure received a jolt when Aviation Week & Space 
Technolo^ reported its final positioning at 24* W longitude and 
declared it to oe ''the Soviet Union's first synchronousK)rbit-early 
warning satellite/' It went on to say that the spacecraft had 
been slowing its drift-rate over to Atlantic near that location in De- 
cember. It was never clear whether or not this was deliberate or a 
consequence of orbital dynamics and there was some uncertainty 
as to the authenticity of the identification of the object being 
tracked in that location. 

Since no further launches having similar announced characteris- 
tics have appeared, one is inclined to classify this flight as some 
kind of engineering test. 

Communications, Command, and Control 

long distance unks: synchronous and semisynchronous 
Sem isynch ronous 

Early in 1976, the 32d Molniya 1 was placed into orbit with its 
orbital plane precisely mid-wav between two of the Standard Mol- 
niya planes. Three more launches that year completed a set of four 
Molniya 1 satellites positioned mid-way between the standard loca- 
tions. It was suggested that Molniya Is had assumed a wholly mili- 
tary role, but no sooner had this been published than four more 
Mol niya Is were replaced in the original groups. Currently, there 



Aviation Week & Space Technology, vol. 104, Jan. 5, 19S0, p. 9. 
Perry G.E. Royal Air Forces, Qy.. vol. 17, summer 1977. pp, 154-162. 
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are eight Molniya Is at 45* apacings with a Molniya 3 in each al- 
ternate position. », , . , i,^ 

BirkhiU has shown that the four inter-group Molniya Is operate 
only on the Asian loop transmittinff digital f.s.k. signals in what is 
presumed to be a military mode, wherena ihe other four and their 
accompanying Molniya 3s carry domestic traffic on both the Asian 
and North American loops of their ground-tracks* » 

Molniya launches are listed in table 27 of this study. 

Geosynchronous 

With the introduction of communications satellites in geosyn- 
chronous orbit it is natural to presume that some military commu- 
nications transponders are placed on them. Gals (Tack) satellites/ 
transponders were planned for launch in 1979 to establish a four- 
satellite constellation for global military communications but no 
such launch has been announced by the Soviets. The uplink fre- 
quencies between 7.9 and 8.4 GHz and downlink frequencies be- 
tween 7.25 and 7.75 MHz are in bands officially allocated for gov- 
ernment service and internationally accepted as military communi- 
cations bands. Further details are provided in chapter 4. 

TAOTI(;AL AND THEATER COMMUNICATIONS 

The highest altitude flights of the C-1 launch vehicle are those 
that put eight payloads at a time into circular orbits at about 1,500 
kilometers. The trade press believes them to be military communi- 
cations satellites. If so, it would seem they are of the store-dump 
type because they do not fly A\gh enough to permit real time com- 
munications among all Soviet forces. These launches come d or 6 
times a year, meaning that probably 24 to 30 or more are active at 
any one time. These woulcl seem to come closest to providing a 
system such as might be needed for some kinds of military commu- 
nications and command and control. The store-dump feature would 
not allow real-time control of all missile forces, but it would allow 
passing of information to or from Soviet submarines and other or- 
ganizations if time was not critical. They could also be used on a 
real-time basis for tactical communications within a givon theater 
of operations. The fact that military communications systems may 
exist within the Kosmos program is strengthened oy testimony 
before Congress by the Department of Defense that such systems 
exist beyond the Rlolniya system. . , .„ , . u- i 

Table 55 lists launches in this series. It will be seen that vehicle 
and other test flights between 1964 and 1965 produced triple or 
quintuple payloads. The launch of Kosmos 41-43 at^49 used the a- 
1 rather than the C-1 but all other tests were at 56'. 

It is a fact, for which no satisfactory explanation has yet appeared 
in the public domain, that new launches in this subset of Kosmos 
satellites are invariably made into the same orbital plane as that 
employed initially, although individual orbital planes drift relative to 
each other due to the small differences in orbital periods. 
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TABU 55.-SOVIET TACTICAL THEATER COMMUNICATIONS WITH THE C-1 LAUNCH VEHaE 



KMMM hm Nrtm in Md 

MM w m (*•. («*) 



1964 

Am. U. M-40 876 210 

Aui22 1.099 232 

196S 

Hb.21 54-58 1,856 210 

MiylS 61-63 1.837 273 

My 16 71-75 550 550 

S«K.3 80-84 1,500 1,$00 

S«(. 18 86-90 1.690 1,380 

1970 

Aft. 25 336-343 1.500 1.400 

1971 

Mn 7 411--418 1,530 1,408 

Oct 13 444-451 1.550 1.415 

1972 

M« 20 504-511 1.540 1,425 

Nov. 1 528-535 1,495 1,375 

1973 

JuMlS 564-571 1.507 1,392 

Oct. 2 588-595 1.512 1,397 

Ok. 19 617-624 l.ill 1.404 

1974 

Ajif. 23 641-648 1,508 1,3S5 

Sip(. 19 677-684 1,519 1,451 

1975 

F(b. 28 711-718 1.530 1.449 

-.. 732-739 1.532 1.475 

V •/ 761-768 1.537 1.454 

1976 

J«i 28 791-798 1,538 1,453 

June 15 825-832 1,530 1.450 

Dk. 7 871-878 1,520 1,450 

1977 

Aug 24 939-946 1,518 1,448 

1978 

J*. 10 976-983 1.520 1,452 

June 7 1013-1020 1,539 1,456 

Oct 4 1034-1041 1.536 1,458 

Dec. 5 1051-1058 1.530 M51 

1979 

Mji 15 1081-1088 1,526 1.455 

S«pt. 25 - 1130-1137 • 1,515 1.446 

1980 

feb. 11 1156-1163 1,528 1.450 



56.2 
49 



56.1 

56 
56.1 



56 
56 



74 



74 
74 



74 
74 



74 
74 
74 
74 



'95.2 MMck Itst o( tripM pi)f(oids, posHiK pn- 

cwior t3 MIMWiicllkWI. 

97.8 IM B-1 taundi wMdt insind, ponM 

106.2 Vthicti m flt tfliiW P Uftoidi. pouibli yt- 

cunof to oofflfflvnicftioftt* 
106 Oo. 

99.5 Vihidi M. ol quMspM piytoiiii, pdtlUt 
pncunv to tithir coflNMinicitiont cf 
EUNTfimt. 

116.6 QnMupM piyMi, OM of wMcfi M IHG 

pMir sOwOi, prawy uiwpmimiwb. 

116.7 QuintupM WMs. oMor NfM hid RTG 

powir louroii pfoiMbly conwunititjoWk 

115 First of a -Ioa| sirics of octvpM piyloid!, 
tidicil coiwnunicitions. 



74.S lis 
74 115 



115.2 
114 



74 114.5 
74 115 
74 114.8 



114.5 
115.5 



74 115.5 
74 115.B 
74 115.5 



74 115.5 
74 115.5 
74 115.3 



74 115.2 



115.3 
115.6 
115.8 
115.5 



74 115.4 
74 115 



74 115.4 
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TABLE S5.-S0VIET TACTiCAl THEATER COMMUNICATIONS WITH THE C-1 LAUNCH VEHKIE- 

Continued 



UwdiM 


llMMi 




(tn) 


irM) 


(5S) 


My 2 

Ok. 24 


1192-1199 

1228-1235 


1,5:2 
1,491 


1.451 
1,415 


74 
74 


115.3 
114.S 



COVERT STORE-DUMP 

Another subset of C-1 launched KoBmos satellites constitutii^^ a 
global system with a regular replacement policy is a constellation 
of three with orbital planes spaced at 120* having; an inclination of 
74* and orbital periods of just under 101 minutes. These are 
thought to perform clandestine storeKlump missions in a COMINT 
role. \ 

These satellites are listed in table 56. 

Some evidence of the use of satellites for covert store-dump pur- 
poses appeared in the London Sunday Telegraph.*" It reported the 
case of Ali-Naghi Rabbani, a high ofncial of the Iranian education 
. ministry, who was arrested in April 1977, by Savak, the Shah s se- 
curity and intelligence service, as he was sitting beside an irriga- 
tion canal, in a deserted street manipulating what looked like a 
small calculating machine: 

He tried to make out that he was a bazaar merchant 
doing his sums. 

Rabbani's calculator turned out to be the most sophisti- 
cated spy gadget that Western intelligence has seen in the 
field up to this day. It enabled him to receive instructions 
directly from Moscow, via an orbital satellite. The KGB's 
coded messages were automatically converted into groups 
of 5 digits that Rabbani could rapidly decipher. It was easv 
for Savak to see how the system worked, since the KGB, 
apparently unaware that Rabbani had been captured, 
went on sending coded instructions to him for several days 
after his arrest.*^ 

TABLE 56.-S0vIeT STORE-oilVIP COMMUNICATIONS FOR POSSIBLE CbANDESTINE USE. ON THE C-1 

LAUNCH VEHICLE 



inciina- 

I » A,,. l^wnws Apotee Pwigee tion PefW Qmau 

Umam (de. (min) .-^^^^ 



1967 

May 15 . 158 850 850 74 100.6 Vcfiide test. 

1970 

Oct 16 372 828 786 74 100.8 



Moss. Robert. "How Russia Plots against the Shah." Sunday Telegraph, London. Nov. 5. 



1978. p. 21 
Ibid. 
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TABLE 56 -SOVIET STORE DUMP COMMUNICATIONS FOR POSSIBLE ClANDESTINE USE. ON THE C-l 

LAUNCH VEHIOi-Contlnued 



1971 



Mr 23 407 844 799 74 101 

ot 17 4B8 m m n. ioo.s 

1972 

jM,23 494 829 791 74 lOOi 

^2i— 540 823 779 74 100.8 

1973 

Oic.4 614 830 770 74 100.7 

• 1974 ? 
Sipiil 676 840 799 74 101 

197S 

Slot 30 773 828 791 74.1 100.9 

.hSJ; 28 «3 838 797 74 101 

1976 

iUM29 636 843 796 74 101 

mTis 841 826 789 74 101 

5i 25:r.:: 858 833 792 74 101 

1977 

juhl 923 842 804 74 101.4 

oS.161'...'.:... ■ 968 822 783 74 101 

1978 

F(b 17 99 0 824 7 83 74 101 

June21..'. 1023 822 784 74.1 101.8 

Nov. 16 1048 824 788 74 101 

1979 

June 28 1110 833 792 74 101 

Aug 28 1125 834 795 74 101 9 

Oct. 11 1140 818 781 74 101 

1980 

Julyl 1190 829 792 74 100.8 

The Kettering Group was unable to pursue this 3tory due to the 
overthrow of the Shah, shortly after it appeared. Information as to 
the precise time of day at which the arrest was made would have 
permitted computation to demonstrate which, if any of this subset 
of Kosmos satellites had been above the Teheran horizon at the 
time. 

Navigation and Traffic Control 

The whole subject of the use of navigation satellites operating in 
a one-way mode is addressed in chapter 4 (p. 978). 

Table 57, prepared by the late Dr. Charles Sheldon, lists flights 
in this subset through the end of 1980 and is .placed here for con- 
VGnicncG 

The GLONASS system of satellites in near semi-synchronous 
orbits, analagous to the U.S. Global Positioniog System (Navstar) is 
described briefly in chapter 2. 
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TABLE 57.-SOVIET NAVIGATION MISSIONS WITH THE C-1 LAUNCH VEHICLE 



in 



4«l 





(In) 


mi) 




/OV 




/O 


00 0 


760 


670 


74 


99 2 


78$ 


747 


74 


99.9 




747 


71 


9«t9 


786 


775 


74.5 


100 


71/1 


7U 


71 


00 Q 

99.9 




«o< 






1.020 


994 


74 


105.1 




QiU ' 


71 




1.013 


977 


74 


105 


liolo 


980 


74 


105 


000 


0^0 




1A1 1 


1,U26 


996 


83 


lOS 


1.020 


986 


83 


lOS 


1,032 


m 


83 


lOS 


1,026 


975 


83 


lOS 


1,017 


983 


83 


lOS 


1,032 


992 


83 


10S.1 


1,012 


976 


83 


lOS ' 



iMIflU 



Nn.23. 
Ml) 7 



An(.17.. 
Oct 21. . 



H>U. 
Od. 12.. 
Ok. 12. 



Mm 22 

Ok. 15. 



M. 2S . 

Amis. 



Jim 20 

Smt. 14 

Ok. 29. 



Ml?.. 
Jim 27. 
Oct. 18.. 
Ok. 26 



1987 
1968 
1969 



1970 



1971 



1972 



1973 



1974 



192 X 

220 X 

292 X 

304 X 



332 X 
371 X 
385 



422 
465 



475 
489 
514 



574 

586 
627 



628 
663 
689 
700 
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H75 

l\ 726 , « X 

22 72? X 

% II 751 - X 

77a X 

1976 

Jli.20 769 X 

Ml 3 800 X 

JIM 2 823 X 

My 29 1. 846 X • 

Od 29 864 X 

Die.15 883 X 

0K.2S 887 X 

1977 « 

Jm. 20 890 X 

U. 21 894 X 

926 X 

mi3 928 X 

Sm. 13 951 X 

Oct 28 9«2 X 

Ok. 23 971 X 

1978 

Jn.17 985- X 

M. 28 991 X 

Mir. 15 994 X :. 

Mr. 28 996 X 

Illic.31 1000 X 

M« 23 1011 X 

My 27 1027 X 

OlC.20 1064 X 

19/9 

JM. 16 1072 X 

Iter. 21 1089 X 

/^.7 1091 X 

Ajr.ll 1092 X ^ 

Miy3t 1104 X 1 

Od- 16^. lUl X 

^ 35b 



1,008 


972 


83 


104.7 


1,023 


995 


83 


105 


1,025 


991 


82.9 


105 


1,018 


989 


83 


104.9 


1,029 


993 


83 


105 


1,027 


1,000 


83 


105 


1,023 




83 


105 


1,025 


967 


83 


105 


1,021 


980 


83 


!04.9 


1,C23 


975 


83 


105 


1,030 


973 


83 


104.8 



1,032 


1,000 


83 


105 


1,026 


988 


83 


105.1 


1,025 


997 


82.9 


105.1 


1,022 


977 


83 


104.8 


1,029 


989 


83 


105 


1,022 


983 


83 


104.9 


1,021 


993 


83 


105 



1,032 


960 


83 


105 




1,022 


972 


83 


104.8 




1,023 


996 


82.9 


105 




1,020 


970 


82.9 


104.8 




1,024 


978 


83 


104.9 


First 9Kifically mrxwflcid miaioo. 


1,026 


978 


82.9 ' 


'104.9 




1,015 


979 


82.9 


104.8 




991 


435 


83 


98.7 


Faiiwe. 


1,030 


983 


83 


105 




1,016 


986 


83 


104.9 




1,024 


985 


83 


105 




1,021 


983 


83 


105 




1,022 


979 


83 


104.9 




1,014 


976 ' 


82.9 


104.7 





TABLE S7.-S0VIET NAVIGATION MISSIONS WITH THE C-1 LAUNCH VEHICLE-Continued 







MfflHi 


f IfMfMMMlil 




2d imitw 34 itmribon 4th fmritiM 




(km) 


Mm- 

(M- 
vm) 








1960 
















- 




Jm. u .. . 




1150 






X 


1,028 


998 


83 


105 




Jan. 25 




1153 








1,031 


983 


83 


105 




M« ir .. 




1168 , 






X 


1,028 


981 


82.9 


104.9 




Miy 20 




1181 






X 


1,020 


992 


83 


105 




Oic.5 




1225 . 






X 


1,041 


967 


82.9 


105 




Ok. 11 . 




1226 . 






X 


1,025 


982 


83 


105 
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Grodesy 

The use of satellites for geodesy and map making has been de- 
scribed in chapter 4. 

USE OF THE C-l 

Table 58 lists C-l launched Kosmos satellites which are ought 
to have had a geodetic role. These all originated from Plesetsk anO 
were initially at 74' inclination in near-circular orbits at around 
1,200 km, with periods close to 109 minutes. Tn 1972, Kosmos 480 
marked the transition to 83' inclination for flights with these gen- 
eral orbital parameters and was followed, later that year, by 
Kosmos 539, once more at 74', with a period of 113 minutes. Two 
flights at 74' in 1974 were in near-circular orbits at around 1,400 
km with periods of 113.6 minutes and they were followed in 197o 
by Kosmos 708 at the same height, but with the unique inclination 
01 69 2* 

two satellites, Kosmos 842 and 911, are also included in table 58 
as possible geodetic satellites. Although at a first glance, they 
appear to be navigation satellites, having the characteristic 105 
min period at 83' inclination, their orbital planes, separated by 
180' from each other, do not fit into any of the well-established 
navigation satellite constellations. Moreover, no transmissions on 
frequencies close to 150 MHz from this pair of satellites were inter- 
cepted by the Kettering Group.** 

TABLE 58.-SOVIET GEODETIC MISSIONS WITH THE C-l LAUNCH VEHICLE 





lJunc^ 


Kosm 
nmnber 


1^ 


Pefifte 

(km) 


tior 


Penod 

(mm) 


Fet) 20 - 


1968 


.. .. 203 


1.200 


1.200 


74.1 


109.4 


Nov. 30 




. 256 


1.234 


1.16S 


74.1 


109.3 


Mar 17.. 


1969 


272 


1.220 


1.195 


74 


109.4 


Nov. 24... 




312 


1.187 


1.145 


74 


108.6 


Aor 28 
Nov 20 


1971 


409 
. 457 


1.222 
1.229 


1.185 
1.192 


74 
74 


109 4 
109.5 


Mar 25 .. 
Oec. 21 . 


19/2 


480 

539 


1.212 
l.«)v3 


1.183 
1.302 


83 
74 


109.2 
U3 


Sept. 8 


1973 


5S5 


1.416 


1.385 


74 


113.6 


Aix 29 
Aug. 29.. 


19/4 


. .. 650 
675 


1.413 
1.429 


1.380 
1.370 


74 
74 


113.5 
113.7 


Frt 12 
S«pt 24 


1975 


708 
7/0 


1.423 
1.222 


l.3fi7 
1.188 


69.2 
83 


1135 
109.2 



Rtmarlu 



** Wood, C D., and C E. Perry. Phil. Trans. R. See. Lond. A, vol. 294. 1.9X0, p. 99. 
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TABLl58.™S0Vlir GtODtTIC MISSIONS WITH THE C-l WUNCH VZHICLE-Ccntlnued 



\ ^ ISS^ W IS Tm) R*™*' 



incbna 
tion 

vm) 

m 



July 21.. 



19/7 



Nov 24 



Dec. 26.. 



19/8 



842 


1.023 


987 


83 


105 


Did not belong to one o( the NAVSAT consteili' 












tions. 


911 


1.018 


984 


82.9 


104.9 


18!"' out of plane with Kosmos 842. 


9B3 


1220 


1.190 


82,9 


109.3 




106/ 


1,226 


1.184 


83 


109.2 





1 A)i ot thes« Uunches ocmm from PiesetsJi. 

2 Kjjsmos 842 iu6 Kosmos 911 did nol fit ttie consieHjlions of luvigalion satellites and were precisely spaced UO' spar! tn operate as d pair 
m app(Qjuflutriy polar ortxl with rotations m opcoirftff senses. Ttwy are irxiuded in this table for convenience 

USE OP THE F-2 

As discussed in chapter 4, p. 1009, Kosmos 1045 which was 
launched by an F--2 on October 26, 1978, into a near-circular orbit 
at 82.(r inclination, 1,700 km altitude and 102.4 min period, is also 
tentatively classed as a possible geodetic flight although it was an- 
nounced as also carrying the first two Soviet amateur radio satei* 
lites. 

RECOVERABLE PAYLOADS 

A subset of the recoverable observation payloads are also 
thought to have a geodetic role. These do not maneuver, transmit 
on 19.994 MHz rather than the 19.989 MHz employed by the m^or- 
ity of the recoverable Kosmos satellites, and transmit a TL beacon 
on recovery. Flights of this type are listed in table 44(d) and are 
described in this chapter. 

Weapons Use 
fractional orbital bombardment system (fobs) 

This study is not directly concerned with military missiles 
beyond their use as launch vehicles in the space program and as 
the use of their navigation, guidance and reentry technologies may 
be applied to space systems as well. But there is one area in which 
military missiles and spacecraft come together: that of the fraction- 
al orbital bombardment system satellites— known as FOBS. 

Every long-range ballistic missile flight is really a space flight 
The missile is given sufficient velocity during initial firing to carry 
it out of the atmosphere. The orbital path flown is one which inter- 
sects the Earth, thus terminating the flight. BMEV^*^ (ballistic mis- 
sile early warning system) was constructed in Clear, AK; Thule{ 
Greenland; and Fylingdales, England to fan out radar signals 
which would intercept at the earliest practical time the flight of 
missiles from the Soviet Union against the United States, Canada, 
and parts of Western Europe. 
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It is also iH)S9ibk' to HtMul a missile the long way around the 
world on the other part of a great circle path to arrive at its target 
in exactly the opposite direction from which the principal defend- 
ing radars have been poi- <:d. For example, if the big defense 
radars are in the Arctic, and the missile comes to a U.S. target by 
way of Antarctica, that main defense system would miss it. Exami- 
nation of the great circle path from Tyuratam to the United btates 
via Antarctica may emphasize the strategic value of a base at 
Diego Garcia in the Indian Ocean. ^ , , . . . ,^ 

Although there have been no l OBS flights during the period cov- 
ered by this study, none in fact since 1971, they are described here 
for the sake of completeness. „ 
The military parade through Red Square in May 196o included a 
new. very large three-stage liquid fueled ICBM, the SS-10 bcrag. 
The Soviet radio announcer said: 

Three-stage intercontinental missiles are passing by. 
Their design is improved. They are very reliable in use. 
Thi'ir servicing is fully automated. The parade of awesome 
l)attle might is being crowned by the gigantic orbital mis- 
siles Thev are akin to the carrier rockets which confident- 
ly put into space our remarkable spaceship^ke Voskhod 
For these missiles there is no limit to range. The main 
property of missiles of this class is their ability to hit 
enemy objectives literally from any direction, which makes 
them virtually invulnerable to antimissile defense 
means.*"' (emphasis added) 
The corresponding parade in November that same year included 
the same Scrag missiles, and the description given was: 

Now in front of the rostrum missiles are passing. These 
are orbital rockets. Warheads of orbital rockets are able to 
inflict sudden blows upon an aggressor on the first or any 
orbit around the Earth."*** (emphasis added) 
In 19H7 there were new developments in the use of the F class 
vehicles. As Hights occurred, they were P^mptly announced and 
given Kosmos names and numbers. All flew at 49.p to 50 from 
Tyuratam All were distinctive in that the orbital elements as an- 
nounced innluded the inclinadon, apogee and perigee, but not the 
orbital period. , 
Typical was the Tass bulletin on the first of these flights. 

A routine launching of the artificial satellite Kosmos 
VM) took place in the U.S.S.R. Scientific apparatus intend- 
vd for the continuation of research into outer space is in- 
stalled on board. , . . . . „ 

The satellite has been py mto an orbit with the follow- 
ing parameters: maximum distance from the surface of the 
Earth— apogee— 210 kilometers; minimum distance from 
the surface oi the Earth— perigee— 144 kilometers; inclina- 
tion of orbit r)() degrees."*^ 



*" Mo-srow Radio. .May i». I'.Hi.'i 

Ibid . Nov 7. IW') 
♦'Tass. Jan IDHT ITllH C m t 
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During 1{)(]7 alone then? woro nine of these flights. The public ex- 

Elanation came on the afternoon of November 3, 1967, from the 
f.S. Secretary of Defense, who tagged them as probable FOBS 
flights. 

It was interesting that every one of the FOBS flights from 1967 
until 1971 when they were terminated on that initial fractional 
orbit did not once cross the continental territory of the United 
States. The regular path at that inclination carried them mostly 
eastward and very slightly north from Tyuratam across Siberia, 
down through the central Pacific, across the lower part of South 
America, up the Atlantic, and across Africa ard the Mediterranean 
to impact after retrofire on Soviet territory not far from the launch 
site. Some miscellaneous debris stayed up enough orbits that with 
th^ »-otatiun of the Etjrth, the debris crossed over the United States. 

After the nine flights of 1967, apparently the testing phase was 
complete, for only one or two flights a year continued in the next 4 
years. In connection with the SALT talks, or perhaps coincidental- . 
ly, all flights ceased in 1971. 

The* cessation of FOBS testing in 1971 left Western analysts in 
doubt as to whether the program had been so successful that the 
Soviets did not consider further tests necessary, or so unsuccessful 
that they had decided to scrap the syste.n. The only clue in the 
open literature as to the status of the system is the fact that the 
never-ratified SALT II agreement calls for the dismantlement of 12 
of the 18 launchers for fractional orbital missiles at Tyuratam, and 
the remaining 6 *'may be converted to launchers for test niissiles 
undergoing modernization" (Second Common Understanding to 
Paragraph 2(c)). Although the precise status of the FOBS system as 
of 1980 therefore continues to oe uncertain, at least it is clear that 
it existed as late as 1979 and that the Soviets were willing to give 
it up. 

Table 57 prepared by the late Dr. Sheldon, lists the F~l-r flights 
in the FOBS series together with three other flights which are dis- 
cussed in the following section. 

ORBITAL BOMBS AND SPACE MINES 

Space writers and staff studies have explored the possibility of 
stationing bombs in orbit. Such an operation is not outlawed by 
treaty, so long as they are nonnuclear, and there is no real possibil- 
ity that any weapons of mass destruction are currently in orbit. Al- 
though, technically, \ bomb could be placed in orbit, that is not to 
say that it would be a practical proposition. 

A somewhat related concept is that of the ''space mine"— a small 
satellite based in orbit in peacetime, remaining always in lethal 
range of its quarry satellite and ready to explode on command.^^ 
Following precise stationing relative tl^ its quar*-", a maneuvering 
capability would be necessary to mate, bital changes due to de- 
liberate maneuver or natural decay. Ab . .h urbital bombs there is 
no evidence that such devices have yet been deployed. 



*niarM,-in. HI, .and.) Pike Bulletin of tho Atf .tc Scientist- May p 75 
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However, as reported in the previous section, three flights at 
49 6' inclination and, for that reaaoh, included in table 59, the two 
unannounced Kosmos flights of 1966, listed in the West as U-1 and 
U-2, and Koemos 316 at the end of 1969 were by no means subor- 
bital and deserve further consideration. 



TABIi 59.-TESTS OF THE SOVIET FflACTIONAL ORBIT BOMBARDMENT SYSTEM 



llMOCfl diti 



Dicay diti 



Rimiflis 



1,313 


156 


1.046 


163 


1,010 


280 


245 


. 193 


855 


140 


1,513 


123 




Mi 


210 


W 


-210 


-144 


^210 


-144 


205 


142 


177 


137 


-177 


-137 


208 


144 


200 


135 


103? 


102? 


129? 


128? 


?08 


145 


252 


121 


263 


126 


191 


123 


220 


145 


177 


138 


200 


130 


165 


134 


205 


14S 


^258 


138 



1966 



S(pt \1 

Nw. 2 . .. 

Jan. 25 .. 

May 17 

iuly I' 

July 31 
Aus.8 
S«pt. 19 



U-1 (no Tiss anflounconeflt) X 



U-2 (no Tass announument] X 



1967 



139.. 



160.. 



169 



1967 



170. 



HI 



178.. 




49.6 
49.6 
49.3 



49.6 
49.2 



50.0 
49.7 



96.1 Nov. 11. 1966 54 (kiddard information, piyload. 

96.1 RAE iflf(»malior., payload. 

97.6 Mar. '..1967 168 RAE information, rodiat bi>jy. 

Goddard information, roclut body, tfiert «Mra 159 

piMS aftir ont ortiit. 

94.5 Nov. 17, 1966 15 RAE information, payload. 

101.3 (loddard information, rudwt body, ttwra wera ovir 

50 piacts after one ott)ii 



49.7 



49.7 
49.6 
49.6 

50 

49.5 

49.4 

49.4 

50 

49.6 

49.6 

49.6 

50 

49.7 



88.0 


Jan. 25, 1967 


0 


-880 


do 


0 


-880 


do 


0 


87.6 


tMay 18, 1967 




-87.6 


do 








87.8 


July 17, 1967... 


0 


86.5 


July 18. 1967.. 


0 


87.0 


do 


0 



Tass announcement. 
RAE informitlon. piyload. 
RAE, rocket body. 
RAE, pUtform. 



RAE. rocket. 
Tass announcemenl 
RAE, payV)ad. 
RAE. rocket body. 
RAE, platform. 



, piyioao. 



88.2 July 31. 1967.. 

88.3 Aui 1, 1967 .. 
87.6 do 



87.6 Aug. 8j!j67.. 

87.7 Aug. 9. 1967 
87.4 Aug. 8, 1967.. 



88.4 Septl9J967.. 



Tass 

0 RAE. 

0 RAE, 

1 RAE, 
Tass 

0 RAE, 

1 RAE. 
0 RAE. 
.... Tass 
0 RAE. 



announoemept. 

piyteid. 

rocket. 

ptatfonn. 

announcement. 

piytoad. 

piatform. 

rocket. 

annoiKKoment 
piyioad. 



: 209 130 

163 137 

S«pt 22 179 X 208 145 

• 107 139 

212 120 

156 141 

Oct. 18 183 , X 212 • 145 

: 315 130 

179 127 

211 151 

Oct 28 - 187 X 210 145 

301 143 

298 139 

. . 240 139 

1968 

Apr 25 218 X 210 144 

162 123 

167 131 

172 133 

Oct 2 244 X 212 140 

158 134 

159 1j3 

? 193 149 

1969 

Segt b 298 * X 212 UO 

. 1*^2 ^27 

156 123 

169 134 

Dec 23 316 X 1.650 154 

1.638 152 

1.581 147 

920 130 

19/0 

July 28 354 X 208 144 

^178 ^134 

157 114 

178 134 

Sept 25 365 X 210 144 

-174 --133 

364 



497 (7.9 Sept. 20. 1967.../ 0 RAE. piitform. 

49.6 8>.4 Sept. 19, 1967.... 0 RAE, rocket. 

50 Tas5 announcement. 

49.6 87.9 Sept. 22. 19fi7.... 0 RAE. paylodd. 

49.5 87.7 Sept. 23. 1967.... 0 RAE, plitfofin. 

49.4 87.4 Sept. 22. 1967.... 0 RAE. rocket. 

50 Tass announcement. 

49.6 88.9 Oct. 18. 1967 0 RAE. paykud. 

49.7 87.5 Oct. 19. 1967 0 RAE. platform. 

49.3 88.1 Oct. 18.1967 0 RAE. rocket. 

50 Tass announcement. 

49.6 88.9 Oct. 28. 1967 0 RAE. payk)d(). 

49.6 88.8 do :.. 0 RAE. platform. 

49.5 88.2 (Jo 0 RAE. rocket. 

50 Tass announcement. 

49.6 87.3 Apr. 25. 1968 0 RAE, payk)a(). 

49.6 87.4 do 0 RAE. rocket. 

49.6. 87.5 do 0 RAE. platform. g 

50 Ta?s announcement. § 

49.6 87.3 Oct. 2. 1968 0 RAE. paytoad. ^ 

49.6 87.3 do 0 RAE. rocket. 

49.6 87.8 Oct. 3. 1968 1 RAE. platform. 

50 Tass announcement. 

49.6 87.3 Sept. 15. 1969. .. 0 RAE. payload. 

49.6 87.2 Sept. 16, 1969.... 0 RAE. rocket. 

49.6 87.5 do 1 RAE. platform. 

49.5 102. 7 Tass announcenwnt. 

49.5 102.8 Aug 28. 1970 248 RAE. tel! in OkiaiKxnd. Kansas. Texas, paykwd. 

495 102.2 Jan. 28, \m 36 Wl. rocket. 

49.5 95.1 Jan. 1. 19:0 9 GaWard. rocket? 

50 Tass announcement. 

-496 -87.5 July 28. 1970 0 RAE. payload. 

49 6 87.1 July 29. 1970 0 i lE. rocket. 

49.6 87.5 do 0 RAE. platform. 

49.5 Tass announcement. 

-49.7 87.5 Sept. 25, 1970.... 0 RAE. payio*.. 
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ftflfM 
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InciM* 
vm) 


(mil) 


OKIIldlll 








19/1 






133 

117 
11/ 


49.7 


87.5 

8/ .2 


Sipt. 26, 1970.... 
Sept. 25, 1970.... 


0 
0 


RAE. plitform. 
RAE, rocKct. 


Aug. 8. 




433 




157 
112 
112 
142 


49.5 
49.4 
49.4 
49.5 








Tass announcement. 
RAE, piylOKl. 
RAE. plitform. 
RAE, rockit. 










88.5 
88.6 
87.6 


Aug. 9. 1971 


0 










Aug. 10. 1971 .... 
do 


2 
1 
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On St'ptetnbt'r 17 atul a«uiii on November 2, 19()(), the Russians 
nuide space launchings which were the first since January IJbS to 
be totally unacknowledged. These flights came out of Tyuratam on 
a new iiiclination-49.6% suggesting use o a new rocket or new 
launch pad or both. Debris or stagmg were eft at several altitudes 

A thircl night of the same kind came in 1969, but was announced 
as Kosmos This time there was no evidence of wholesale explo- 
sions. Some kind of stage or platform was left with an apogee of 
920 kilometers, while a final rocket stage had an apogee of 1,51a 
kilometers, and the payload re»'^hed l.(.5() kilometers 

Most analysts seem to have classified these three flights as tOBb 
flights which in some fashion malfunctioned, and then were ex- 
ploded. This analysis does not seem to stand up because the place- 
ment of the stages and debris are not that closely akin to the fOBS 
flights patterns which are much lower. , . ^„ 

What one can say is that the three mysterv flights went at an 
inclination which has been flown only by FOBS, and using a vehi- 
cle exclusively tied to military programs. Under these circum- 
stances, the flights seems to be weapons-related. 

ANTISATELLITES (ASATS) 

One can imagine that Soviet military planners would see as a 
necessary ingredient in any stable of military space systems an 
Ability to iKty the missions of United States and Chinese satel- 
lites and to have the option of destroying certain pay loads in tunes 
of crisis. Such actions could be motivated by a desire to blind the 
eyes which might be used to give an enemy warning of Soviet ac- 
tivities, deny the use of satellites for navigation, or to interrupt 
military communications. . * . «^if«r= 

In a July U), 19(52, interview with American newspaper editors, 
Soviet Premier Khrushchev stated that the Soviet Union had a 
missile that could "hit a fly in space." Some Western experts int^^^^ 
preted that statement as indicative of a Soviet ASAT capability 
and speculated that it could refer to a nuclear-armed Galosh mis- 
sile such as deployed as an operational ABM (antiballistic missile) 

'^it'onTrote^S ground-based ASAT system developed by 
the United States used nuclear warheads launched by Air force 
m,r missiles from Johnston Island and Army N.ke-Ze us missiles 
from Kwajalein Atoll, both in the Paciflc. Tests of the Army 
system were conducted beginning in May 1963, but the system was 
deactivated in 1964. The Air Force tested its system beginning m 
May 1964 and it remained operational until 1970. , „. , ^ , ^ n 
Thv Soviet Union proceeded with development and flight tests ot 
a coorbital interceptor.^^ Following the obscure missions of Kosmos 
isr> and 217 in 1!)67 and 196H, ihe first successful intercepts were 
made in the fall of 1968. The intercepts of Kosmos 248 by Kosmos 
n') and 252 involved matching the oribital planes and placing the 
Tnterceptors' perigees at the general height of the target s orbit. 
Subsequent 1 v. large numbers of fragments were found in the inter- 



"HiTry. (;K Ru.s^ian Hunter-killer Satellite Exper.mentit. Royal Air Forces Q>.. vol. 17. 
winter \'->"- PP 
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ceptors' highly otlipticul orbits and, in each case, the interceptor's 
launch announcements stated that the scientific research program 
had been fulfilled. The exercise was repeated in 1970 with Kosmos 
378, 374 and 375. Both target and interceptor spacecraft were 
launched by the SS-9, in the F-l-m configuration, out of Tyura- 
tam. 

The 1971 series of tests, involving three pairs of Kosmos satel- 
lites, introduced several significant departures from previous prac- 
tice. Targets were launched from Plesetsk by the SS-5 or C-1 vehi- 
cle into 65.8' inclination orbits which were not groundtrack stabi-:. 
lized. Interceptions were delayed until some days after the launch 
of tht targets. The Tyuratam launch at 65.r inclination necessitat- 
ed a small plane*cnange by the interceptor to match its orbital 
plane to that of the target satellite. The. three tests, each at differ- 
ent heights, demonstrated an intercept capabilitv for ELINT fer-^ 
rets, navigation satellites, and low-orbit recoverable payloads.' 

Although Kosmos 521, in 1972, had orbital parameters character- 
istic of a C-1 launched target, no interception ensued and the pur- 
pose of this night is open to conjecture. 

Whereas the FOBS flights were never resumed, further intercep- 
tion tests were carried out from 1976 onward. It soon became ap- 
parent that these were no mere carbon copies of the earlier series 
and that considerable development had taken place. In many cases, 
the interceptor disappeared from orbit on the day of launch and a 
scarcity of unclassified Western tracking data led to speculations of 
some degree of failure. 

The first of the new targets was Kosmos 803 on February 12, 
1976, at 66' inclination. Four days later, Kosmos 804 was placed in 
a 92.8 min, 65. T orbit. Western tracking data revealed that the 
orbit was circularized during the first revolution and the plane 
changed to match that of Kosmos 803. The TASS announcement on 
the following day concluded by saying that the research program 
had been fulfilled. 

Kosmos 814 made another interception on April 13. Onlv one set 
of Western tracking data is available and it appears that this was a 
first-orbit inspection with deorbiting of the interceptor over the 
ocean almost immediately thereafter. Some U,S. officials consid- 
ered the possibility of photographic inspection and recovery rather 
than attack.^* 

On July 8, Kosmos 839 was placed in a much higher orbit than 
any of the earlier targets; 117 min, 2102-984 km, 65.9'. On July 21, 
Kosmos 843 was launched into a 89.4 min, 360-149 km, 65. T orbit. 
Aviation Week concluded that it had failed to reach its target. 
However, the possibility exists that the tracking data for July 21 
and 22 related to an associated object which remained in the low 
orbit. That could explain the decay note, issued on July 23, giving 
the decay as occurring on July 21, the day of the launch. This may 
not have been a failure after all. The interceptor could have ma- 
neuvered close to the target shortly after launch and been recov- 
ered in less than one revolution. 



^ Aviation Weok i Soace Technology. Aug. 2, 1976. 

Aviation Week & Space Technology. Apr. 26. 1976. 
** Aviation Week & Space Technology. Aug. 2. 1976. 
'•Perry. G.E.. Royal Air Forces Qy.. vol. 17. winter 1977. p. 333. 
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An interceptiorj test involving fragmentation of the interceptor 
■ was staged late in 1976 with the flights of Kosmos 880 and 886. 
This appeared to be a carbon-copy of the Kosmos 394/397 mission. 

Tests similar to that of Kosmos 839/843 took place in the first 
half of 1977. The target, Kosmos 909, was placed into a 117 min, 
2,112-991 km, 65.9' orbit on May 19. Interceptions by Kosmos 910, 
and Kosmos 918 on May 28, and June 17 may well have succeeded 
although no unclassified data exists to confirm this. It was reported 
by Aviation Week that the NORAD radar in the Aleutian Islands 
was the only U.S. sensor to acquire Kosmos 910 before it reen- 
tered and that Shemya, AK (presumably the same facility), was 
the only NORAD sensor to acquire Kosmos 918.*^ In the latter 
piece, the magazine even went so far as to point out that a hydro- 
gen-Huoride space-based laser used as a satellite-killer would not 
\need the near-rendezvous required for a "hot-metal "-type kill. In 
\the following issue of the magazine it was stated that trajectory for 
the pop-up maneuver places the attack spacecraft in a reentry pro- 
file so the vehicle never really completes a full orbit before inter- 
si'cting the atmosphere where it is destroyed. 5« The media's think- 
iiig had swung from assuming inspection to attack. 

On October 21, 1977, Kosmos 959 entered a low elliptical orbit 
with a fHjriod of 94.8 min. Seven days later, Kosmos 961 employed 
the pop-up profile and passed by Kosmos 959 within the 1 km kill- 
distance and reentered burning up over the Pacific Ocean and 
giving rise to numerous UFO reports in Japanese newspapers. "^^ 

The remaining tests through the end of 1980 reverted to using 
targets in near-circular 1,000 km orbits with the 105 min periods 
characteristic of Kosmos navigation satellites. Kosmos 967, 
launched on December 13, 1977 served as a target for two intercep- 
tors. Kosmos 970, launched 8 days later, flew a near coorbit after a 
two-orbit chase and subsequently exploded. This is generally re- 
garded as a failure.'^" Five months later, Kosmos 1009 flew a simi- 
lar mission profile in which the attack was judged to be success- 
ful."*" It was then deorbited over the Western Pacific. 

Kosmos 1171, launched on April 3, 1980, was another target with 
an orbit; similar to Kosmos 967. Analysis by Robert Christy 
shows that Kosmos 1174, launched on April 18, made a pass within 
«() km of Kosmos 1171 about 1,000 km above Leningrad during its 
second revolution. He went on to show that Kosmos 1174, having 
executed finother major maneuver, made a second approach to 
within 70' km of Kosmos 1171 off the west coast of the United 
States and, on the following day, as a result of a very small maneu- 
ver, passed within 20 km of Kosmos 1171 near Easter Island in the 
eastern Pacific Ocean. Kosmos 1174 was deliberately exploded on 

April 20. 1 II r 01/ 

Concerned over the resumption of tests in 1976 after a lull ot 6 V2 
years, the outgoing Ford administration approved a new ASAT de- 



Week & Space TechnoloRy. May 'M). UH?. 

Aviation Week & Space Technology. Juno 27. 1977. 
^'^ Aviation Week & Space Technology. July 4. 1977. 

Jasani. B M . "Outer Space— Battlefield of the Future. SIPRI. VJtK p 176. 
^« Peebles, C , op cit.. p 112. 

Ibid., p HI. 

•»o t'hn«ty. R.D.. SpacefliKht. vol 22. 19«0. p. im. 
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velopment effort which was Hubnequently confirmed by the Ca rter 
administration.^* An agreement with the Soviets to ban space 
weapons would be actively sought simultaneously. 

Defense Secretary Harold Brown confirmed the existence of an 
operational Soviet killer satellite system at a Pentagon briefing in 
October 1977,^^ He described the Soviet capability as being **some- 
what troublesome'' and characterized the U.S. antisatellite effort 
as being limited to a ^'preliminary exploration and design capabil- 
ity/' Although the Vought Corp. had recently been awarded a DOD 
contract to design a new U.S. ASAT capability, Brown added, "I 
would hope we could keep space from becoming an area of active 
conflict 

At F^resident Carter's invitation, three rounds of talks on limit- 
ing space weapons began on June 8, 1978, in Helsinki. The first 
round ended on June 1() and a second session was held in Bern 
from January 23 through February 16, 1979, The third round of 
talks, at which the United States submitted a three-part 'proposal 
calling for an end to ASAT tests, the dismantling of the Soviet 
ASAT system, and mutual verification of the other's good inten- 
tions, opened in Vienna on April 23, 1979. The Soviets responded 
by demanding that a proposed moratorium on ASAT testing in- 
clude the U.S. Space Shuttle.^* The talks concluded at the end of 
June and, although it was intended to resume them in February 
1980, the Soviet invasion of Afghanistan in December 1979 led to 
President Carter withdrawing the SALT II treaty and breaking off 
virtually all discussions with the Soviets, » 

Table (50 lists the Soviet ASAT tests and related target flights 
through the end of 1980. 

Observations by radio amateurs in the United Kingdom threw a 
fresh light on the role of the tarf^et satellites. In 1978, Johr Brane- 
gan reported ^'unnatural ionization events'* on the 2-met*;r band 
which were confirmed by G.T. Sasson, who described the signals as 
wideband with **squiggers'' about every 4 kHz, stretching from 
144.3 through 145.5 MHz.^^ In 1979, Branegan reported that the 
Naval Research Laboratory, Washington, DC, had identified the 
source of his signals as Kosmos 909 a^vl 967, both ASAT targets, ^« 
He pointed out that transmissions were not received on every orbit. 



IV<»bl«»s. C . "'Battle fur Space." Hlandford Pre.ss. I9s:^. p. H>H. 
'^^ Aviation Week & Space Technology, vol. 197. No. If). Oct. 10. 1977. p. 18. 

Peebles. C op cit » pp. IOH-Um. 

Sautson. G T. "The Best of Oscar News." vol. 1. AMSAT-UK 19S0. pp. 50-51. 
Branegan. J . Oscar News*. No. 27. AMSAT-UK. autumn 1979. p. 3a. 
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TABLE 60.-THE SOVIET ANTISATELLITE (ASAT) PROGRAM 
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(iun) 


\^\^ Inc 


■■ 


185 


Oct. 27. 1967 


546 


370 


64.1 


93.6 






•888 


•522 


•64.1 


•98.7 


217 


Apr 26. 1968 . 


262 


144 


62.2 


88.5 






•520 


•396 


•62.2 


•93.4 


248 


Oct 19. 1968 


•551 


•490 


•62.3 


•94.8 



m 



ApoM PlrlM inc. Period 



* Nothing tracked in ttiis ortit. 



843 Juiy 21. 19/b 

t^X 0« 9. 19?6 ^624 •562 •eS 



249 Oct 20. 1968 •2,177. •SU . ^62.4 112.2»E Cam« within l>m of K.248 after a 2-ortHt chase. ^ 

252 Nov 1. 1968 . v •2.172 ^538 ^61.9 112.5^£ (irne wittiir. 1 km of K.248 after a 2-brt)il cha$e.5uccess. 

291 Aug 6. 1969 •574 '•173 ^62 3 •915 " . .Fallu(e. 

373 Oct. 20. 1970 1.102 510 62.8 100.9 - / • 

•553 ^490 ^62.9 94.8 

374 Ocl 23. 1970 1.053 530 62.^ 100.6 Passed near* K.3?3 after a. 2-bft)it chasq. Failure. 

2.153 ^536 ^63 112.3^E 

375 Oct 30. 19?0 . - 1.000 - 500 62.8 - 100 Passed near K.349 aftef a 2^t chase. Within 1 km. Success? 

•2.164 ^538 ^63 112.4*E. 

394C Fet) 9. 19/1 •619 ^574 ^65.9 •96 5 ' First target launched by. C-1. 

397 Feb. 25. 1971 . -^613 --144 ^5.1 -^92.1 Passed near MOO after a 2KKl)it chase. Within 1 km. Success? 

2.317 ^593 .65.8 114.7^£. 

400C Mar 18. 1971 •1.016 '995 '65.8 ^105.0 .a > Orbit characteristk: of navsats.* 

404 Apr 4. 19/1 799 169 ^2 94^ Passed neaf'K.373 after /2-Ofbit chase. Within 1 km. Success? Oeorbited over ocean. 

•1.009 •Sll 65.9 i03^D ^ 

459C Nov ?9. 19/1 •?77 •226 •65.8 ^89.4 ' Orbit characteristk: of reconsat 

462 Dec 3. 19/1 •1.840 ^237 •65.8^ ■105^•f^ Passed near K.45^ after a l-orbit chase. Within 1 km. Success? 

521C Sept. 29. 19/2 •1 030 ♦973 ^65 9 ^105.0 ^ % interceptorlauiK:hed to this. 

8D3C Feb 12. 19/6 ^624 '554 ^66 ^96.4 , ' ^ • 

804 Feb. 16. 1976 ' ^698 ^149 •651 • 92.8*C>^ - Passed near K.803 after a Inxbit chase. Failure? Oeorbited over ocean. 

•615 556 65 9 96.4 

814 Apr 13. 19/6 ... . ^474 ^150 ^65.1 90.6^0 P^M^^near K.803 after a 1-orbit chase. Within 1 km. Successful in disabling 11803? 

, Oeorbited over ocean. 

839C Julys. 19/6 •P.lOl ^984 '65.9 •ll/ Intended to approach K.839. * 



•96.4 : V ^ 

Oec. 27. 19/6 1.265 531 65.9 103 Massed near K.880 after a 2ortit chase. Wittiin 1 km. Success? 

2^28 ^581 •ee 115^E • | 
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TABLE 60.-THE SOVIET ANTlSATELLIfE (ASAT) PROGRAM-Continued 



Pr'Miii initt) Intirciptan 



mim Atttct Pir>rf ifK P«,ioil Apofie htpt he. P»'rt" 
m) W (deg.) (mm) (Iutj} (km) 



909C May 19. 1977 2,122 •991 •65.9 •117 

910 May 23. 19/7 •560 ^49 •es.l 91^0 Complelcd le$s than Urtnl before reeniry. 

1,774? ^300' 65.9? 99.6? 

S15 iunel.M977 . •265 •Ul ^65.1 88.4*0 May have |)3SS«d within 1 Km of K.909 before plunglns Into ocean after 

inltfcept in ie» than 1-ofbit. Success? 

959C Oct 21, 19/7 -891 •ISS •es •94.8 

961 Oct 26. i97.- ^302 '125 ^66 88.7^D Probably passed within I km of 11959 after a 2^bil chase. Oeorbit to ocean Success? 

1.421 269 66.4 101.8 

967C Dec 13. 19/7 . . •1,013 *973 •Se •lOS 

970 Dec 21. 1977 861 144 65.2 94.7 Passed near K.967 after a 2-orbit chase. Failure? 

•1.160 ^954 •65.8 106^E 

1009 May 19. 1978 ... lUi 147 65.1 97.4 . May have passed within 1 Km of K.967 after a 2-orbit chase. Oeorbit to ocean Success' ^ 

•1,378 ^971 ^66 109*0 tl 
ilTlC Apr 3. 1980 M,017 *m •lOS O 
1174 Apr 18 1980.. 340 124 65.2 89.1 Passed near K.li7l but may have failed. Approached R.1171 again on the following day. ^ 
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Kvidt'ntly, tlio tinK<'t nnH'llitos have an active role to play in the 
tests since earlier targets have still been in reasonably correct 
orbits when a fresh target has been launched at the start ot a new 
series of tests. Moreover, there are plenty ot dead satellites and 
spent rocket casings which could be used for "target practice it a 
passive target was the sole consideration. Furthermore, recent tar- 
gets have maintained their orbits by use of sustainer stages for pe- 
riods of up to 2 years beyond the tests and obviously pertorm some 
other function in addition to the target role. 

UIKECTED KNERGY OR BEAM WEAPONS 

Aviation Week, in late 1975, reported that the Russians were sus- 
pected of using laser weapons to blind the infrared [IRJ sensors in 
United States early warning satellites. According to the story, the 
sensors were nut permanently blinded, but only for periods of up to 
4 hours This happened three times to geosynchronous satellites 
and twice to semisynclironous satellites. The story said the intensi- 
ty of the phenomena was fi om 10 to 1,000 times that of a torest Tire 
or volcano, and that no weather satellite found any natural source 
for these events. The frequency of the signal was similar to that 
expected from a hydrogen-Huoride laser, and the signals had come 
from th*- western part of the U.S.S.R. The suggestion was that it 
the source was a laser, the intensity that might be expected if used 
against low-flying U.S. missions would reach levels 50,000 times as 
high. Since the early lOHOs, the United States had probed Soviet 
satellites with lasers from Maui, HI, and Cloudcroft, NM, to deter- 
mine lens and film-types used in Soviet photographic missions, but 
not in a manner to cause deliberate damage to such satellites, ac- 
cording to the magazine. ''^ 

This suspicion, if borne out, would have been of enormous conse- 
quence to detente, the SALT talks, and the military positions of the 
two countries, so naturally many public questions were raised. Isec- 
retary of Defense Rumsftld responded by saying that investigations 
were continuing, but that the preliminary findings were that major 
gas pipeline explosions had caused the effect. He said known explo- 
'sions and fires from over-pressurizing a major gas line correlated 
well with the satellite data, and he reviewed the United states use 
of laser probing of Soviet satellites. 

It .seems sti-ange that gas fires, which ha-e been observed many 
times before, have not previously had this same effect on satellites^ 
If it is true that it was the intensity of these particular fires that 
alfeLted tbe satellites, then this experience may help to calibrate 
and interpret future signals received by satellites.*'" . 

The r.»Hl version of the report. Soviet Military Power, anticipat- 
ed that the Soviets would continue work on A3ATs with the goal of 
neL=iting satellites in high orbit, "as i ac developing more effec- 
tive kill mechanisms, p.-rhaps using a laser or some other type ot 
directed t-rnTgy weapon." It went on to describe the weapons as 
follows: 

••■ \M.iti.iM \V,-i k & Sp;uc Ti-chn.ili>>;\ On- ». liiT."i. p IJfl 
^•\vKiti..t. V\-..,.k A Sp;nv TrchMnln^^^..J:lM :.. I!'7... p I'- 
'Saih .M!l.t.ir\ V'v^rr. n.'p!.rtnu-i-' nl IVfiMi.s*-. A .•\shin»;l<m. IK . I 
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The Soviets have devoted substantial resources to high 
technology developments applicable to directed energ>* 
weapons. Their knowledge of radio frequency weapons, as 
demonstrated in Soviet open literature, and the fact that 
they are developing very nigh peak*power microwave gen- 
erators, gives rise to suspicions of possible weapon intent 
in this area as well. The Soviets have been interested in 
particle beam weapons [PBW] concepts since the early 
19508. There is considerable work within the U.S.S.R. in 
areas of technology relevant to such weapons. The Soviet 
high energy laser program is three-to-five times the 
United States level or effort and is tailored to the develop- 
ment of specific laser weapons systems * * The Soviet 
laser-beam weapons program began in about the mid- 
19608. Since then the Soviets have been actively pursuing 
the development of all the high energy laser types consid- 
ered most promising for future weapons applications. They 
have worked on the eas dynamic laser, the electric dis- 
charge laser and the chemical laser. Available information 
suggests that the Soviet laser weapon effort is by far the 
world's largest. Their development of moderate power 
weapons capable of short-range ground-based applications, 
such as tactical air defense and antipersonnel weapons, 
may well be far enough along for such systems to be field- 
ed by the mid-1980s. In the latter half of this decade, it is 
possible that the Soviets could demonstrate laser weapons 
in a wide variety of ground, ship and aerospace applica- 
tions. Pulsive power and energy conservation have been 
recognized as key technologies in the development of 
dirr energy weapons. Possible applications in- 
clude ^ • • strategic or defensive antiballistic missile and 
antisatellite weapons. 

A principal pacing factor in the development of directed 
energy weapons is the availability of a suitable suppiy of 
energy. Pulse power technology may be the pacing I'actor 
in a weapons program even after the feasibility of beam 
propagation and adequate lethality is demonstrated. Be- 
cause the requirements of beam weapons are unique and, 
in many cases, exceed the current state-of-the-art, they 
have driven the major research and development efforts in 
the U.S.S.R. 

In**ormation about the Soviet particle beam effort began to 
emerge in the late 1970s. The first test facility was built 56 km 
south of the town of Semipalatinsk. Later, it was revealed that 
work had begun on a new hybrid weapon combining laser and par- 
ticle beam features, in November 19y9, at the Sary Shagan ARM 
test site.^^ The same article cites a Soviet AS AT laser based near 
Moscow. The Sary Shagan facility was credited with conducting 
tests, some of which we.'-e said to be successful, against reentering 
warheads.'' 2 



Ibid . pp 7:>-7»; 

Avmtion Week & Space Technology. July 2«. 19S0 
Aviation Week & Space Technology. Feb. IH. lOSi 
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MiNOU Mll.ITAKY MlvSSIONS 

The United States space progruin authorities in the Department 
of Defense regard as nonsensitive some kinds of supportive space 
niiiht activity which improves military capabilities. For example, 
even when the public information flow has been genera y restrict- 
ed details on some types of multiple payloads were still being re- 
leased. Among such announced U.S. military payloads are a varie- 
ty of calibration devices of different shapes, sizes, and materials. 
Also there have been hardware elements such as gravity stabiliza- 
tion experiments, and payloads of different densities to measure 
rates of' decay from orbit due to air friction. There have been tests 
of solar cells and of structures, and of small thrusters . _ 

Hence one should expect to find somewhere within the boyiet 
program counterparl devices carried by flights,, since the same kind 
of technological problems are faced. , , , *• 

The "minor military" category has tended to become the resting 
place for those Kosmos satellites for which a more obvious role is 
not inunediatelv apparent and, as a consequence, the nonspecialist 
reader i.s in danger of assuming that all satellites which find them- 
selves in this category are calibration and diagnostic payloads. A 
L'ood 'pointer to such a role is to be found in the fragment^ associat- 
ed with a particular launch. If, as is often the case fragments 
npt)ear. one or two at a tin.e. at irregular but somewhat lengthy 
intervals luring the flight, then it might reasonably be presumed 
that these '■fragments" are being shed deliberately to simulate 
Mi'^V attacks to provide practice for ground units whose duty it is 
to dftect and/or engage such objects. . j 

A different role for some of these flights has been suggested tor 
the (M launched Kosmos satellites with a 0^.8° inclination with 
ieriods of 5)1.(1 niin or less. Since they are launched by the same 
vehicle as the ASAT target satellites and fly at the same inclina- 
tion certain Western observers have been ready to link them with 
the ASAT tests whereas others merely refer to them, for conven- 
i.Mice. as nontar„ets. It was pointed out that launches of these 
lower-period satellites occur close in time to the actua. Ac.Ai 
tests ' ' However, it was not possible to find any evidence of a 
di'rect connection. In the only instance when one had been in orbit 
hrimv th.' interception occurred. Kosmos XXr> was on the opposite 
side <.f the Kaith to Ko.smos m) when it was interceptt^d by 

^^'a 'rece^nt' book ab ut the Soviet Army describes steps that are 
taken to prevent American -spy-satelhtes' from obtaining mtelli- 
u'rnn. „v.-r the Soviet Union. The chief directorate of Strategic 
Deception is said to maintain a constant record, using a huge 
American computer" at the -entral command past, of all intelii- 
gence-gathering satellites and orbiting space stations and of their 
trajectories. It continues: 

Kxfrenielv ()i cci.se short - and long-term forecasts are pre- 
pared of the times at which the satellites will pass over 

■ ' Nvi.tti >n W..ck & S();kc Tft hin)l(>>iv . Mar -1^ j!'"" 

• • ivrrv <; K . Kiisal Air Kora-s . vol IT. I'.ii..;) i.t.' 

- s;.M.n.s. \ . \n.nU- th- .S.n„.t Arm> N Y . .V.u-m,llan. IH.-i. pp Uh. UU 
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various arvuH oi the Soviet Union * * Each chief direc- 
torate unit serving with a military district, a group of 
armies or a fleet makes use of data provided by this same 
American computer to carry out similar work for its own 
force and area. Each army, division and regiment receives 
constantly* updated schedules showing the precise times at 
which enemy reconnaissance satellites will overfly their 
area, with details of the type of satellite concerned (photo- 
reconnaissance, signals intelligence, all-purpose, etc.), and 
the track it will follow. 

Apparently, orders are issued for all radio transmissions to stop 
and all radars to be switched off for the duration of each pass and 
special radio transmitters and radars, whose purpose is solely to 
provide signals for interception, are activated. 

The chief directorate has its own intelligence-gathering 
satellites, but, unlike those wo^-king for the chief intelli- 
gence directorate, they maintv'j i watch over Soviet terri- 
tory, looking constantly for radio transmitters and radars 
which fail to observe the timetables laid down for commu- 
nication security. Severe punishments await divisional or 
regimental commanders who are found to be ignoring the 
timetables.''^ 

This example has been cited, not because of any irapucit belief in 
its veracity, but to offer the reader another possioility f*' a ''minor 
military'* mission. 

USING THE B-1 

Kapustin Yar 

From 1964 through 1966 all B-1 minor military flights originated 
from Kapustin Yar at inclinations between 48.4' and 49". Following 
the introduction of the B-1 at Plesetsk in March 1967, only one or 
two flights per year came out of Kapustin Yar, the last occurring 
in 1972. The majority of the flights had periods close to 92 minutes 
but some had higher p^>riods around 100 and, later, 109 minutes. 
All had peri^jees below 300 km. 

There was some evidence of a possible pickaback payload in a 
higher orbit associated with Kosmos 93 and Kosmos 119 was un- 
usual in that it. did not separate from the final stage of the launch 
vehicle. 

Plesetsk ^ 

Almost 1 year to the day after Kosmos 12 became the first satel- 
lite to be launched from Plesetsk, a B--1 launch vehicle placed 
Kosmos 148 into a IV inclination orbit with a period of 91.3 min. 
Many more such flights were to follow^ together with a series in a 
higher orbit with periods close to f 5.5 min. For the even higher 
{^riod around lb2 min an 81.9' inclination was chosen. The fiaal 
B-1 flight in this category was Kosmos 919 on June 18, 1977. 



nil 

Table «1, prt-parud by Dr. Charles Sheldon, lists all the B-1 
flights in the minor military category. 

USING THE C-1 

Plesetsk 

The first flight out of Plesetak to match the 109 min period of 
the highest flights from Kapustin Yar required the intermediate 
C-1 vehicle. On June 18, 1974, Kosmos 660 was put into an 83' m- 
clination orbit between 1,995 and 409 km. Kosmos 807 in 1976 had 
a similar orbit but Kosmos 1179 in 1980 had a period of 103.5 mm 
more nearly like the old 102 min B-1 flights. In addition to these 
three flights at 83% there were the nontarge* flights at 65.8' and 
seven flights at 74° inclination with 95 min periods. Many frag: 
ments are associated with a number of these flights. 

Kapustin Yar 

Following on from the last B-1 flight from Kapustin Yar the C-1 
made one launch in each of the years 1978 through 1980. In all 
three cases, the parameters were very similar; 50.7° inclination, 
93.4 min period, and heights between 555 and 345 km. „ , ^ , 

Table 62, prepared by Dr. Charles Sheldon, lists all the C-1 
flights in the minor military 'category through the end of 1980. 
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TABLE 61. -SOVIET CALIBRATION MISSIONS WITH THE B-1 LAUNCH VEHICLE 



uuAcA m 



48 I) 
low 



ChifKttfiulion 



48 9 



n 

medium 



82 {)}|h 



(lim) 



Inc 
(deg) 



(mm) 



Decay, dale 



Days 
(ife 
\ 



Remarks 



1964 



1965 



196/ 



1968 



ERIC 



3i X 
36 X 



508 
503 



228 
259 



49 
49 



91.6 Oct. 20. 1964. 
91.9 Fet). 28. 1965., 



106 X 

116 X 

119 X 

123 X 



145 X 
148 

h? 
165 

i;3 

1/6 
191 

19/ X 

20? X 

?04 

211 

2^1 X 

222 

233* 



564 


290 


48.4 


92 8 


478 


294 


48.4 


92 


1.305 


219 


48.5 


99.8 


529 


263 


48.8 


92.2 


2.135 


220 


48.4 


108.6 


436 


275 


71 


91.3 


512 


283 


71 


92.2 


1.542 


211 


81.9 


102.1 


528 


280 


71 


92 3 


1.581 


206 


81.9 


102.5 


518 


281 


71 


922 


505 


220 


48.5 


91.5 


502 


220 


48.5 


9^ 


873 


282 


71 


95.y 


1.574 


210 


81.9 


102.5 


2.108 


220 


48.4 


108.4 


528 


277 


71 


923 


1.5*5 


210 


82 


102.1 










3 


7V 







Dec. 3. 1966.. 



Mar 8. 196B ... 
May 7. 1967. .. 
Aug. 5. 1967. .. 
Jan. 15 1968.. 
Dec. 17. 1967.. 
Sept. 3. 1968... 
Mar. 2. 1968... 
Jan. 30. 1968.. 



. 24. 1968. 
Mar. 2. 1969... 
NOV 10. 1968 . 



Feb. 7. 1969. 



136 
213 



July 2.. .. 


/O 


X 


.... X 


X 1.154 


225 


48.8 


98.3 


Dec. 18. 1966 


535 


Juty 23 


/6 


X 


X 


531 


261 


48.8 


92.2 


Mar. 16. 1966.... 


236 


Oct 19 


93 


X 


. X 


522 


220 


48 4 


91.7 


Jan. 3. 1966 


76 


fiov 4 


95 


X 


.X 


521 


207 


48.4 


91.7 


Jan 18. 1966.... 


75 


Dec 21 


lOl 


X 


X 


550 


260 


49 


92.4 


July 12. li.C... 


203 



Possit}te pickaback at 435 X 370. km. 
Rocket explwJed. 



293 
221 

190 No separated rocket. 
156 

371 
52 
b3 
217 
115 

357 Rocket explaJed. 
102 
35 

32 
362 
215 
464 
134 
203 



» 



ERIC 



SK)1 20 
Oc! 3 .. 
Dec . 3. 



1969 



Feb. 7 ... 
Mar 5 
Mar 28. 

A^X 4 

May 27 
June 3 
Aug 22 
Oct 18 
Oct. 24 . 
Nov 4 
Nov 24.. 
Dec 



a. 



1970 



J3fi 15 
F<b 27 
Mar 18 
Apr 23... 
June 12 
iune 27 
AuR 19 
Scot 16 
Oct 8 
Nov 24 
Dec 18 



1971 



ian 14 
Jan 26 
Apf 24 
May 19 
May 27 . 
Aug 2/ 
Sept 24 
Oct 19 
Nov 17. 



242 
245 

25/ 



255 
268 
275 
277 
283 
285 
295 
303 
307 
308 
311 
314 



319 
324 
327 
334 
347 
351 
357 
362 
369 
380 
388 



391 . 


X 


393 . 


■J( 


408 . 


X 


421 ... 


... X 


423 . 


. X 


435 ... 


X 


440 


. X 


453 


X 


455 


X 



440 


280 


71 


91.3 


Nov. 18. 196^ 


54 


SOS 


282 


71 


92.1 


iin 15. 1969 


104 


■'0 


282 


71 


91.1 


Mir. 5. 1969 


92 


too 


£00 


/ 1 


01 0 


IImi ? iQfiQ 










ino 9 


Haw Q 1Q7n 


A^n 


5U9 




If 


9 


7 1Q7A - ~ 


^1R 
010 




40U 


71 


09 


tutu ft lOfiO 


0^ 
90 






fl9 




rW 1 n 1 QftO 


107 
19/ 


910 


970 


71 


09 9 


Of 7 IQCQ 


19ft 
IcO 


500 


282 


71 


9? 


Dec. 1, 1969 


101 


492 


282 


71 


91.9 


Jin 23, 19/0 


9/ 


2,178 


220 


48.4 


109.1 


Die. 30. 1970 , 


432 


422 


282 


71 


91.3 


Jin. 5. 1970 


61 


496 


284 


71 


92 


Mir. 10. 1970.... 


106 


491 


282 


71 


91.9 


Mir. 22. 1970 .... 


101 


1 ^^Q 


cU9 


OC 


109 


Iiitv 1 1Q7n 


10/ 




£0) 


71 


09 


Um 9) 107n 




o9D 


970 


71 


79.D 


|«n 10 1Q71 


^nft 
ouo 




9fl1 

C01 


71 
li 


09 1 


Ano 0 i07n 


infl 

lUO 




99^ 




ins 

1U0 


kmt 7 1071 


910 


494 


282 


71 


92 


Oct. 13. 1970 


108 


500 


OBO 

282 


71 


AO 

92 


i«V. 24. 19/0 


9/ 


854 


281 


71 


95.7 


Oct. 13, 1971 


392 


534 


2.178 


71 


92.3 


Jan 22. 1971 


106 


1.548 


- 210 


82 


102.2 


June 17. 1971 


205 


532 


281 


71 


92.3 


May 10. 1971.... 


143 




977 

CI 1 


71 
/I 


0(t i 


Cmh 91 1079 


AHI 

fUO 




£00 


71 


09 9 


liirw 7^ 1071 


141 




91 1 
CI 1 


oc 


in? 1 


rw 90 1(^71 
Un«. £9, Iw' i .... 


9AQ 


49? 


283 


71 


92 


Nov 8 1971 


173 


511 


282 


71 


92.2 


fiov. 26, 1971 


183 


505 


282 


71 


92.1 


Jan. 28 1972 


154 


814 


282 


71 


95.3 


Oct. 29, 1972 


401 


522 


281 


71 


92.2 


Mar. 19. 1972.... 


152 


516 


282 


71 


92.2 


Apr. 9, 1972 


144 



378 



TABLE 61.-S0VIET CALIBRATION MISSIONS WITH THE B-1 LAUNCH VEHICLE-Continued 



ERIC 



Nov 29 
Dec 17 



1972 



Jan 2S 
Apr li 
ADf ?1 
June 30 
iuiy 5 
July 12 
Oct 5 
Oct II 
Oct 25 



19/3 



launch Sit« 



Ortn chifKteruatnfl 



458 
467 



472 
485 
487 
49/ 
498 
501 
523 
524 
626 



48-a 
low 



48-9 
high 



71 KM 



71 

medium 



82 high 



Jan 24 


545 . 


X 


X 


*pf 12 


553 . 


.. X 


X 


May 1/ 


558 


... X 


X 


5 


562 


X 


X 


Aug ?7 


580 X 




X 


Oct 16 


601 


X 




Nov 20 


608 


X 


X 


Nov ?8 


611 


X 


X 


Dec iJ 


515 


X 




1974 










633 


X 


X 




634 


X 


X 


June 26 


662 


X 




July 25 


668 


X 


... . X 


Sept 26 


686 


X 


X 


Nov 20 


695 


X 


X 



... X 



Apogee 

m 


Perigee 

(km) 


Inc 


Pernd 

(mm) 


Decay date 




RemarM 


523 


281 


;i 


92.3 


Apr. 10. 1972 


J43 




. 502 


279 


71 


91 


Apr. 18. 1972.... 


123 




1.568 


207 


82 


102.4 


Aug. 8, 1972 


206 




506 


280 


71 


92.1 


Aug 30. 1972.... 


141 




531 


278 


71 


92.3 


Sept. 24. 1972.... 


156 




, 81? 


282 


71 


95.2 


Nov. 7. 1973 


495 




. 511 


282 


71 


921 


N^v. 25. 1972 


143 




. 2.129 


222 


48.5 


108.8 


May 9. 1974 


667 




507 


283 


71 


92 


Mar. 7. 1973 


153 




537 


277 


71 


92.3 


Mar. 23. 1973.... 


165 




511 


282 


71 


92 


Apr. 8. 1973 


165 




521 


279 


71 


92.2 


July 31. 1973 


188 




519 


282 


71 


92.2 


Nov. 11. 1973 


213 




526 


279 


71 


92.3 


Dec. 22. 1973 ... 


219 




510 


282 


71 


92 1 


Jan. 7. 1974. 


216 




518 


282 


71 


92.2 


Apr. 1. 1974 


2J2 




1.5G1 


210 


82 


102.3 


Aug 15. 1974... 


303 




528 


281 


71 


92.3 


July 10. 1974... 


232 




507 


280 


71 


92 


June 19. 1974 


203 




859 


280 


71 


95.7 


Dec. 17. 1975 


734 




516 


280 


71 


92.2 


Oct 4. 1974 


219 




516 


281 


7! 


92.2 


Oct 9. 1974 


218 




838 


282 


71 


95.5 


Aug. 28. 1976 


794 




519 


281 


71 


92.2 


Feb 21. 1975 


211 




515 


281 


71 


92.2 


May 1. 1975 


217 




493 


283 


71 


92.2 


July 15. 1975 


23? 
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19/5 

iin. 21 703 X X 

Jan. 28 705 X X 

8 725 X X 

im 24 745 X X 

iuly 17 750 X X X 

1976 

Fet) 5 801 X X 823 279 71 95.3 Jan. 5, 1978 700 EjjpkxW. 

May 18 818 X X 

Aug. 18 849 X X 

Aug. 26 850 X X 

1977 

^ 901 X X 

June 18 - 919 X X 



1.545 


207 


82 


102 


Nov. 20, 1975 


303 


524 


281 


7! 


92.3 


Nov. 18, 1975 


294 


508 


283 


71 


92.1 


Jan. 6, 1976 


273 


540 


274 


71 


92.4 


Mir. 12, 1976.... 


262 


830 


281 


•71 


954 


Sect 29 1977 


489 


.. 823 


279 


71 


95.3 


Jan. 5, 1978 


700 


„ 506 


281 


71 


92.1 


Mar. 7. 1977 


293 


. 889 


276 


71 


96 


Apr. 24, 1978 


614 


. 518 


280 


71 


92 


May 16, 1977 . 


263 


.. 845 


279 


71 


95.5 


June 28. 1978 . 


449 


847 


278 


71 


95.6 


Aug. 28. 1978.-.. 


436 



TABLE 62.-SOVIET CALIBRATION MISSION WITH THE C-1 LAUNCH VEHIC!.E 



Uunc?i u\t Ortil cfuractCftuUon indiiu- 

KY PI SOUow ".5:^^ 74 LW 83 High 



19/4 

June 18 660 . X 

Oct II m X 

19/5 

)uiy 24 7S2 X 

1976 

Mar 12 ... . 807 X 

Apr 28 . 816 X 

May 28 822 X 



■ w 


Peilgw 

(lim) 


bon 
(de- 
grees) 


Period 

(mm) 


Decay dale 




1,995 


409 


83 


109.2 






. 717 


242 


74 


94.5 


Feb. 5. 1978, , 


1,213 


526 


480 


65.9 


94.6 


Feb. 28, 1981.... 


2.046 


1985 


403 


83 


109.1 






525 


482 


65.9 


94.6 


Nov. 24. 1979 


1.305 


729 


284 


74 


94.6 


Aug. 8. 1978 


. 80? 



380 



TABLE 62.~SOVIET CALIBRATION MISSION WITH THE C-1 LAUNCH VEHICLE-Contlnyed 



liunch m Ortit chirictfriution 



i^«"c^d*r, K WUow MLow ^ t^^t^ 



is;; 

fefi 2 891 X X 

May 30 913 ... X X 

July 19 930 . .X X 

iuly 22 933 ... X X 

Dec 8 965 .... X X 

19/8 

May 12 1006 ... X X 

Dec 22 1065 X X 

19/S 

feb 8 1075 . X X 

lulyo 1112 X X 

Dec 5 IU6 . X X 

1980 

Mar 21 11G9 ... X X 

May 14 . . 1179 X 

Iu/>e6 1186 . X X 

hjly n 1204 X . X 

Ocl 14 1215 .X X 





PihfM 

(km) 


lion 
vm) 


(rmn) 


Diciydtti 


^if 


RitAlfks 


518 


466 


65.8' 


94.4 


Feb. 4. 1981 


1,463 




523 


475 


74 ; 


94.5 


Ok. 29, 1979 


943 


Many pieces. 


528 


482 


74 


94.6 


May 12, 1980 


1.028 


Rxket attacfied. 


418 


385 


658 


92.5 


Nov. 1, 1978 


4B7 




520 


469 


74 


94.4 


Dec. 16. 1979.... 


738 


Many pieces. 


417 


363 


65.8 


92.5 


Mar. U, 1979 . 


. 306 




556 


346 


50.7 


93.7 


Aug. 1, 1979 


222 


Many pieces. 


521 


475 


65.8 


94.6 








552 


345 


50.7 


93.4 


Jan. 21, 1980 


139 


Many pieces. 


497 


441 


65.9 


93.9 








521 


478 


65.8 


94.5 








■ 1.570 


310 


83 


103.5 








519 


473 


74 


94.5 








546 


346 


50.7 


93.3 


Feb. 23. 1981. .. 


207 




553 


449 


74 


95.1 
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Chapter 5 Annex 

KosmoH Coverage of the Early Stages of the Gulf War 



INTRODUCTION 

In the previous report " an 'attempt was made to identify possi- 
ble targets of photographic reconnaissance. The majority of the ex- 
amples were drawn from two periods of major conflict; the Indo- 
Pakistani war at the end of 1971 and the Yom Kippur war in 1973. - 
At times of international crisis it is not difficult to conclude that 
certain recoverable Kosmos satellites have been programmed^ to/ 
obtain imagery over the battle areas. The Gulf war presently 
raging between Iran and Iraq provides examples of the coverage 
obtained by current types of recoverable Cosmos missions. 

SETTING THE SCENE 

Reasons for the sudden escalation of the long drawn-out border 
conflict between Iran and Iraq in September 1980, are well set out 
in an article by Norman Kirkham in the Sunday Telegraph.'® The 
renunciation, by President Saddanhussdin of Iraq of the 5-year-old 
treaty giving shared control of the Shatt al Arab waterway at the 
head of the Persian Gulf, depletion of Iran's forces due to the acute 
shortage of spare parts for planes and tanks following American 
and British embargoes on arms supplies to Iran,, and the fall in 
morale of the Iranian armed forces under the rule of the Ayatollah 
Khomeini were all cited as contributory causes. 

However, not all journalists were in agreement about the eftec- 
tiveness of satellite monitoring of the early stages of the conflict. 
Writing in the Daily Telegraph, John Bullock claimed that 
"Right from the start 6 days ago American satellites have been 
beaming back hourly pictures of the situation on the 
ground * * *"; a claim revealing a lack of understanding of orbital 
mechanics. Two days later in the same newspaper, Ian Ball, writ- 
ing from New York stated that the war had "spotlighted serious 
deficiencies in the United States' intelligence-gathering abilities in 



" Soviet Space Programs. 1971-19'(5, pp. 463-175. „ , ' , ^ i j .00 
'« Kirkham, N. How Iraq Challenged the Ayatullah, Sunday Telegraph, Undon, ->ept. 
980 
'« Bullock, . 
Sept. 27, imi 



Bullock, J. "U.S. Spy .-Satellite Reveals True Extent of War," Daily Telegraph, London, 
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the Persian (Jult." **** A rather ^)etter appreciation of satellite oper- 
ation was shown by his final comment to the effect that ''Retarget- 
ing a spy satellite from Russia to the Gulf, for example, might re- 
quire changing its orbit— a maneuver which often reduced the ve- 
hicle's life ex{)ectancy.'' Neither article referred to the use of 
Kosmos satellites for such purposes by the Soviet U ion. 

' PHOTOGRAPHIC RECONNAISSANCE MISSIONS. 

High Resolution 

kosmos 1210 at 82.3'' 

This was one of only two 82^3'' launches from Plesetsk in 1980 
that were not announced as having an Earth resources role. 
Launched on September 19, it was already in orbit at the outbreak 
of hostilities on September 22, and making daily passes over the 
Persian Gulf. On September 23, it passed close to the head of the 
(iulf and on the following day passed directly over the Shatt al 
Arab water ay. Ily the lOth day of the flight, it had obtained its 
complete coverage and the orbital period was then increased in 
order to obtain additional coverage from the remainder of the 14- 
day mission. Figure 73 ^hoNvs ground tracks over the area of the 
Persian Gulf for this satellite. It will be seen that, the spacing of 
ground tracks on consecutive days from revolutions 158 through 
206 is approximately twice that of the earlier phase of the mission. 
A TF recovery beacon was observed on October 3, 



Ball. I "(lui! War Shov.s l-p (Vaoks in the US Spy N works. " Daily TeleKraph. London, 




Fj .3UKK 73.— Ground tracks of ^^oflmofl 1210 over the Persian Gulf. 
KOSMOS 1213 AT 7^.9° 

This '.vas the first of two launches from Plesetsk into 72.9° incli- 
nation orbits during the period under'consideration and transmit- 
ted the two-'/one frequency-shift-keyed beacon charac^-eristic of 
third generation spacecraft. Daily ground tracks throughout its 
missions are shown in figure 74. This high resolution flight repeat- 
ed the mission profile of Kosmos 1210 although at a different incli- 
nation. It was launched on October 3, the date of Kosmos 1210 s re- 
covery. 
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FiGURK 74.-:Ground tracks of Kosmoe 1213 over the Persian Gulf. 

Once again the orbital period was raised on the 10th day when 
complete coverage had been obtained. However, in this case, where- 
as daily passes of Kosmos 1210 had always occurred later on suc- 
cessive days, during the first phase of the mission passes were 
coming o to 6 minutes earlier each day. Following the maneuver 
this changed to around 4 minutes later every day. It will again be 
seen that ground track separations for the later phase of the mis- 
sion are approximately double those of the earlier phase providing, 
in effect, double coverage of the area. A TF recovery beacon was 
observed on October 17. 

KOSMOS 1214 AT 67.2'' 

The third high resolution flight of this period, launched from 
Plesetsk at 67.2'' — yet another different inclination — came midway 
through the flight of Kosmos 1213 on October 10. Ground-track sep- 
aration on consecutive days was permitted to decrease as a natural 
consequence of a decaying orbit until the battle p^ea had been 
passed. Then, following revolution 139, the orbital period was in- 
creased to ensure complete coverage recovery after 13 days on Oc- 
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tober 23. No recovery beacon was observed by the Kettering Group 
on this occasion. Figure 76 shows the ground tracks of this satellite 
over the Persian Gulf. 




® Q.E.Pirrv 1984 



FiouRS 75.— Ciroultd tracks of Koemos 1214 over the Persian Gulf. 

Announced Earth Resources 

KOSMOS 1209 

Launched from Plesetsk on September 3 at 82.3° inclination, this 
satellite, which had been announced as an Earth resources pay- 
load, was recovered on September 17 after a normal 14-day flight, 5 
days be.^ore the outbreak of hostilities. It is just possible that its im- 
agery may have given some indication of the preparations for the 
Iraq assault, but one cannot be certain that this was so. 

KOSMOS 1212 (PRIRODA) 

Launched yet again into an 82.3° inclination orbit on September 
26, this satellite was announced as having an Earth resources mis- 
sion and reporting results to the Priroda (Nature) Center. It was 
recovered after a 13-day flight and transmitted a TK recovery 



ERIC 



386:: 



o 



1122 

beacon. Its ground tracks did not take it over the battle area until 
the {)th day of the flight. The ground tracks, shown in figure 76, 
show the characteristic eastward daily drift of the ground tracks 
which had come to be associated with the earlier recoverable mis- 
sions with 81.4"* inclinations. Kosmos 1212, although capable of re- 
turning imagery from the battle area is not believed to have been 
directly concerned with the conflict, but rather to have been a rou- 
tine flight in a planned series of remote sensing missions. 




© G.E.Pfrry 1984 

Figure 76.— Ground tracks of Kosmos 1212 over the Persian Gulf 

A Possible Geodetic and Mapping Mission; Kosmos 1211 

Kosmos 1211 was the second of the two 1980 launches at 82.3'' for 
which Earth resources roles were not announced. Its ground tracks 
are shown In figure 77. Comparison with the ground tracks of 
Kosmos 1212 in the previous figure will show that it, too, had the 
characteristic eastward daily drift, but with a slightly increased 
daily spacing. This increased spacing ensured that when it was re- 
covered un revolution 17(5 after a flight of only 11 days, complete 
coverage had been achieved as shown by the near-coincident 
ground tracks for revolutions 15 and 176. 
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Figure 77.— Ground tracks of KoBmoe 1211 over the Persian Gulf. 

The transmission frequency of 19.994 MHz, rather than the-more 
usual 19.989 MHz, lack of in-flight maneuvering, and a TL recovery 
beacon reveal that Kosmos 1211 was a member of the special sub- 
set thought to be employed for mapping and geodesy. Once more, 
this flight is not considered to have been directly concerned with 
the conflict but rather a coincidental flight ia a long-running series 
of specialist missions which had been planned for that time long 
before the mission was actually mounted. 

Thus, it will be seen that the three 82.3' fights during the early 
stages of the Gulf war, Kosmos 1210, 1211 and 1212, had quite dis- 
tinct purposes of close-look imagery, mapping and geodesy, and 
remote sensing respectively and did not necessarily duplicate each 
other. 

High Perigee; Kosmos 1216 

Kosmos 1216 from Plesetsk at 72.9° was launched on October 16 
one day prior to the recovery of Kosmos 1213, the other 72.9° flight 
under consideration. However, the two flights were quite different 
in character. Ground tracks for this flight are shown in figure 78. 
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Figure 78.— Ground tracks of Kosmos 1216 over the PerBian Gulf. 

Toward the end of the 1st day in orbit the perigee was raised 
above 300 km producing the interlaced ground tracks characteristic 
of these high-perigee, medium resolution flights whi'ijh are pre- 
sumed to fill an area search and find role. By this time, the conflict 
had been raging for more than 3 weeks and interest in' develop- 
ments well behind the front lines would have been of interest to 
the Soviets. 

From figure 78 it can be seen that revolution 14 on the second 
day of the flight lies approximately midway between the ground 
tracks for revolutions 29 and 30 on the 3d day. Furthermore, it will 
be seen that the ground tracks at 2-day intervals after 31 revolu- 
tions show a steady westward drift which, by the end of the mis- 
sion will have provided complete coverage of the whole area on an 
alternate day basis. No further maneuver is necessary. Kosmos 
1216 was recovered after 14 days and a TF recovery beacon was ob- 
served. 
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Fourth Gknkration; Kosmos 1208 

The only fourth generation flight during the 1st weeks of the 
war was that of Kosmos 1208 which had already been in orbit for 
27 days when the conflict erupted. Flying at an inclination of 67.1°, 
its ground tracks on the 364th and 380th revolutions on September 
18 and 19 would have been very close to those shown for revolu- 
tions 139 and 155 of Kosmos 1214 in figure 75. Termination of the 
flight on the 29th day might have been due to a desire to obtain 
film taken immediately prior to the outbreak of hostilities but it is 
by no means certain that such payloads are recovered at the end of 
their missions and a 30-day duration is not unusual. 

CONCLUSION 

The early stages of the Gulf war in September and October 1980 
show how the different types of recoverable Kosmos missions were 
employed to obtain imagery over the battlefield and lines of sup- 
port. In addition, two missions, probably unrelated to the war, were 
flown as preplanned flights for remote sensing, mapping and geode- 
sy. In addition to the Tass announcement of the Earth resources 
mission, direct indications from transmission frequencies and re- 
covery beacons, intercepted by observers of the Kettering Group, . 
provided evidence to support the contention that not all of tnese 
flights were direct consequences of the war. Jti the absence of such 
indications, the extent of Kosmos coverage 'of the early stages of 
the Gulf war might well have been overestimated. 

O 
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